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ABSRTACT 
 
Reducing Tobacco Related Health Disparities 
 
Andrew Alexander Anesetti-Rothermel 
 
 
 Despite the historic declines in the prevalence of cigarette smoking in the United States, 
tobacco use remains a major public health burden. The persistent use and susceptibility of 
tobacco arises from tobacco-related health disparities, which historically occur among vulnerable 
and underserved populations. Since rural/nonmetropolitan populations suffer disproportionately 
more tobacco-related health disparities than urban/metropolitan populations, the main goal of 
this project and its three component studies was to address rural tobacco-related health 
disparities. Study 1 utilizes an exploratory spatial data analysis approach to identify those rural 
areas disproportionately affected by tobacco. This study assessed the overall spatial association 
between county-level rurality and county-level adults smoking rates in the contiguous United 
States. Furthermore, local indicators of spatial association identified localized county clusters 
with either positive or negative spatial association. Results found an overall significant positive 
spatial association (Moran’s I = 0.0438, pseudo p-value < 0.0001) between county-level rurality 
and county-level adult cigarette smoking prevalence. Among the significant (p-value < 0.05) 
rural county clusters identified, rural areas of Appalachia were a primary area of concern, while 
other rural clusters (e.g., spatial outliers), like those found in the Pacific Northwest had much 
lower rates of smoking than expected based upon their rural nature. While Study 1 identified the 
rural areas disproportionately affect by tobacco use, Study 2 and Study 3 examine the 
relationships between the retail tobacco environment (N=276) and public middle/high schools 
(N=33) within metropolitan (N=3) and nonmetropolitan (N=3) counties of West Virginia. Study 
2 visualizes the location of each county’s public middle/high school relative to the underlying 
density of tobacco retailers in each county. Additionally, Study 2 examines the spatial 
relationship between the locations of tobacco retailers and public middle/high schools in each of 
the metropolitan and nonmetropolitan counties in West Virginia. Results found that 77% of the 
public middle/high schools with an above average tobacco retailer density value were located 
within a metro county. While each county’s density surface of tobacco retailers took on either a 
monocentric or polycentric urban pattern, which was dependent on the structure of each county’s 
underlying built environment, but was independent of their metropolitan/nonmetropolitan status. 
Additionally, the spatial relationship between the locations of tobacco retailers and public 
middle/high schools in each county exhibited a significant spatial interaction. Study 3 examines 
the relationship between tobacco retailer density and tobacco retailer’s proximity to a public 
middle/high school in each of the metropolitan and nonmetropolitan counties in West Virginia. 
Additionally, Study 3 assesses the effects of tobacco retailer proximity – density groups, 
metropolitan/nonmetropolitan status, and store types on tobacco retailer characteristics (e.g., 
tobacco marketing and cigarette pack price). A significant positive relationship (Chi-square = 
116.54, p-value < 0.001) existed between levels of tobacco retailer density and tobacco retailer 
proximity to school levels. The amount of exterior tobacco marketing displayed in each tobacco 
retailer displayed a significant (F (6, 254) = 3.528, p-value < 0.01) between proximity –density 
groups and store types. While a significant (F (4, 254) = 5.593, p-value < 0.001) three-way 
 
 
interaction between proximity – density groups, metropolitan/nonmetropolitan status, and store 
types existed for the average pack price of non-menthol cigarettes. Together, these three studies 
identify the need in reducing tobacco-related health disparities among those most vulnerable – 
rural populations. However, because tobacco-related health disparities result from the complex 
interactions between numerous factors future research must identify how these factors affect the 
burden of tobacco use in these rural populations. Only then, can tobacco control specialist begin 
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 Since the landmark 1964 Surgeon General’s Report on the health effects of cigarette 
smoking, the historic decline in adult cigarette smoking is characterized as one of the 10 greatest 
achievements in public health in the 20th century.1,2 Despite this progress, tobacco use remains 
the leading cause of premature and preventable death in the United States (U.S.).3 In the U.S., 
cigarette smoking and the exposure to secondhand smoke kills an estimated 480,000 people each 
year.3 Additionally, more than 16 million people in the U.S. currently suffer from a smoking-
related illness.3 Cigarette smoking is a casual factor for numerous diseases, including bladder, 
esophageal, laryngeal, lung, oral, and throat cancers; chronic lung diseases; coronary heart and 
cardiovascular diseases; reproductive effects; and sudden infant death syndrome.4 However, 
since the 2004 Surgeon General’s Report on The Health Consequences of Smoking, this list of 
diseases has expanded to include cataract, aortic aneurysm, pneumonia, periodontal diseases, 
diabetes, congenital defects, rheumatoid arthritis, cervical cancer, kidney cancer, pancreatic 
cancer, stomach cancer, liver cancer, and colorectal cancer.2,3 Smoking-related illnesses cost the 
U.S. over $280 billion in health care costs and lost productivity each year.3 The current 
prevalence of adult cigarette smoking in the U.S. is 18.1% (e.g., approximately 42.1 million 
adults currently smoke cigarettes).5 Furthermore, 20.5% of men and 15.8% of women currently 
smoke cigarettes in the U.S.5 While cigarette smoking among U.S. adults is down significantly 
from a decade ago, this decline has no stalled, with virtually no change in the adult cigarette-




 Youth cigarette smoking is the driving force behind the U.S. tobacco problem, because 
most adult cigarette smokers try their first cigarette before the age of 18.7 Each day, more than 
3,000 youth try their first cigarette and approximately 700 youth become daily smokers.7 
Currently, 15.7% (e.g., approximately 2.7 million) of all U.S. high school students currently 
smoke cigarettes.8 While the 2013 prevalence of cigarette smoking among male and female high 
school students was 16.4% and 15.0% respectively.8 From 2000-2009, the prevalence of current 
cigarette use declined for both middle school students (11% to 5.2%) and high school students 
(28% to 17.2%); however, since 2006 these prevalence estimates have not decreased 
substantially.9 Even though the prevalence of youth cigarette smoking has decreased over the 
past decade, youths’ susceptibility to initiate cigarette smoking had not.9 Adolescent 
susceptibility, never smokers, who reported being open to trying cigarettes smoking (e.g., a 
youth who thinks they would smoke a cigarette during the next year and who would smoke a 
cigarette if it was offered by their best friends),9,10 might explain the slowing in decline of youth 
smoking rates.9,11 Currently, 21.2% of middle school and 24% of high school aged students are 
susceptible to initiate cigarette smoking within the next year.9 Unless youth smoking rates 
decline, 5.6 million youth under the age of 18 alive today will ultimately die from a smoking-
related illness.3 
 
1.1.1 Tobacco-Related Health Disparities 
 Persistently high rates of cigarette smoking and susceptibility still exist among specific 
population groups in the U.S. Traditionally, tobacco-related health disparities occur among 
historically underserved populations and are defined by socioeconomic status (e.g., education, 
occupation, income, poverty) race and ethnicity.12 While other factors such as: geographic 
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location/isolation, sexual orientation, gender, marital status, and age also contribute to tobacco-
related health disparities.13 More specifically, tobacco-related health disparities are: 
“differences in patterns, prevention, and treatment of tobacco use; 
differences in the risk, incidence, morbidity, mortality, and burden of 
tobacco-related illness that exist among specific population groups in the 
United States; and related differences in capacity and infrastructure, 
access to resources, and environmental tobacco smoke exposure.”14, p. 211 
However, the Surgeon General has noted that no single factor determines the patterns of cigarette 
smoking and other tobacco use among vulnerable populations; rather, it stems from complex 
interactions between multiple factors (e.g., socioeconomic status, cultural characteristics, 
acculturation, stress, biologic elements, targeted advertising, price of tobacco products, and 
varying capacities of communities to mount effective tobacco-control initiatives).15 
 
1.1.2 Rural Tobacco-Related Health Disparities 
 Compared to urban/metropolitan areas, rural/nonmetropolitan areas suffer 
disproportionately more tobacco-related health disparities, including higher rates of cigarette 
smoking initiation, current use, intensity of use, exposure to second hand smoke, and cessation 
failure.16,17 While cigarette smoking prevalence has declined slightly in U.S. urban areas, rural 
residents are showing increasing rates.17,18 Rural communities vary in terms of their social, 
economic, cultural, and geographic characteristics.19 According to the Institute of Medicine, 
“Rural communities are heterogeneous in other ways as well, differing in population density, 
remoteness from urban areas, and economic and social characteristics.”20, p. 1 Additionally, each 
rural community has a specific combination of factors that lead to increased tobacco use.19 Two 
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major factors that greatly influence rural tobacco use are lower socioeconomic status and 
educational attainment,16,21 while other factors associated with rural tobacco use include low 
levels of medical coverage, reduced access to medical services due to geographic isolation, 
reduced availability of cessation resources, cultural attitudes that foster tobacco use, and a 
regional economy that relies on tobacco production.22,23 
 Relevant to the current work, a rural area of primary concern is the Appalachian region. 
Forty-two percent of Appalachia’s population lives in a rural community, compared to 20% of 
the national population.24 The Appalachian region, includes all of West Virginia and part of 12 
other states: Alabama, Georgia, Kentucky, Maryland, Mississippi, New York, North Carolina, 
Ohio, Pennsylvania, South Carolina, Tennessee, and Virginia;24 and suffers disparately poorer 
health than the rest of the nation. This region has suffered from a long history of economic 
underdevelopment, which has led to high rates of poverty, disability, unemployment, as well as 
low rates of educational attainment.25,26 Moreover, the Appalachian culture is vastly distinct 
compared to mainstream U.S. society. Appalachian people are more independent and self-reliant, 
due to their strong sense of individualism and strong family ties,27 which can be attributed to 
both their geographic isolation and their tendency to function within their own kin group.28 All 
these factors increase the risk of cigarette smoking among Appalachian residents. 
 
1.1.3 Retail Tobacco Environment 
 Emerging evidence suggest that research must address the environmental factors that 
favorably influence tobacco use. The 1998 Master Settlement Agreement aimed to prevent youth 
smoking by restricting tobacco sponsorships and promotional activities, banning tobacco 
billboards, and the use of cartoons in all advertising, while advertising provisions included 
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limiting the size of exterior sings to no more than 14 square feet.29 Since these restrictions, 
tobacco companies have become more dependent on the retail environment to market their 
products.30,31 For example, the prevalence of interior and exterior tobacco advertising has 
increased significantly in tobacco retailers since the Master Settlement Agreement.32,33 The 
prevalence of cigarette promotions (e.g., multipack promotions, gift-with-purchase promotions, 
and cents-off promotions) and functional objects has also increased significantly in tobacco 
retailers.33 
 In 2001, Feighery and colleagues found that the average number of tobacco 
advertisements varies among different types of tobacco retailers.34 They found that liquor stores 
tend to have the greatest number of tobacco advertisements followed by small stores (e.g., small 
drug stores and markets) and convenience stores (e.g., including those that sold gasoline).34 
Other studies have found that retail outlets popular among youth, display three times the amount 
of exterior and interior tobacco marketing and reserve twice as much shelf space for Marlboro, 
Camel and Newport brand cigarettes, which are the brand that account for more than 80% of the 
cigarettes bought by youth.35,36 Taken together with estimates that 75% of youth shop at a 
convenience store at least once a week and on average shop twice as long as adults,37,38 available 
data make it clear that youth and young adults experience disproportionate exposures to tobacco 
products and marketing. 
 In 2011, the tobacco industry spent $8.37 billion on tobacco marketing nationwide.39 
These expenditures pay for traditional retail tobacco advertising (e.g., exterior/interior 
signage/advertisements and branded/non-braded function items), price discount for consumers 
(e.g., “Buy two, get one free”), and retail promotional allowances (e.g., shelving and incentive 
payments to retailers for displaying cigarettes in prime locations, especially around the 
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counter).39,40 The vast majority (83%) of these expenditures are price discounts paid to tobacco 
retailers to reduce the cost for consumers.39 Additionally, increases in tobacco marketing within 
tobacco retailers has been found to increase average tobacco sales by 12%41 to 28%.38,41 
 The most common and influential form of tobacco marketing found within the retail 
environment is considered point-of-sale (PoS) tobacco marketing. By definition, PoS tobacco 
marketing is advertising created around “impulse purchasing” and designed to capture the 
consumer’s attention, especially at the place of payment usually a checkout counter. 
Approximately, 83% of the cigarette advertisements found in the retail environment are 
considered PoS tobacco marketing.34 PoS tobacco advertising and promotions is a sophisticated 
marketing strategy, which has emerged as the primary marketing approach to target youth.42,43 
PoS tobacco marketing is thought to influence youth both cognitively and affectively by 
promoting the perceived benefits and positive attitudes of tobacco use related to, key concerns of 
youth, such as social approval, peer bonding, autonomy, self-image, and adventure seeking.44 
 A recent (2011) Cochrane Review concluded that exposure to PoS tobacco marketing is 
associated with the likelihood that youth will initiate cigarette smoking.44 Experimental studies 
have suggested that exposure to retail marketing distorts youths’ perceptions about the 
availability, use, and popularity of tobacco and these normative beliefs are precursors of 
smoking.45-49 Several empirical studies have liked retail tobacco marketing to youth smoking 
susceptibility.50-52 Youths who are exposed to weekly retail tobacco marketing are more likely to 
experiment with smoking,53,54 and those who visit stores with tobacco advertising at least twice a 
week double their odds of initiating cigarette smoking.55 After controlling for schools differences 
and other covariates, another study found that middle school students who were exposed to retail 
tobacco marketing at least once a week had a 50% increase in the likelihood of ever smoking, 
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similar to the effects of having a parent or household member who smokes.53 PoS advertising is 
associated with youth experimentation and progressions to regular smoking, with current youth 
smokers being the most influenced by promotional offers.56 
 The availability of retail tobacco co-occurs with numerous demographic and 
socioeconomic factors associated with increased tobacco use. Peterson et al., (2005) found that 
counties with higher levels of tobacco retailer density and cigarette smoking prevalence have a 
tendency to have a higher percentage of minority residents than counties with lower tobacco 
retailer density and cigarette smoking prevalence.57 Meanwhile, another study comparing census 
tracts, found that tracts in the lowest quartile of household income have more than twice the 
number of tobacco retail outlets than tracts from the highest quartile.58 Furthermore, census tracts 
with the highest percentage of minority residents also have twice as many tobacco retailers than 
tracts with lower proportions of minorities.58 Another study by Chuang and colleagues, (2005) 
found that neighborhoods with a higher proportion of lower socioeconomic residents and a 
higher concentration of convenience store density smoke more cigarettes per day.59 The authors 
also found a higher percentage of heavy smokers live in either lower socioeconomic 
neighborhoods or neighborhoods with high convenience store density.59 While lower 
socioeconomic neighborhoods, have significantly higher levels of convenience store density no 
matter the method of measurement (e.g., density of stores, percentage of residents living near a 
store, or percentage of stores within a one-mile radius).59 A recent national study concluded that 
race, ethnic and socioeconomic factors are positively associated with tobacco retailer density and 
that these associations are not simply a function of higher population density among poor and 




1.1.4 Summary of Significance 
 Tobacco-related health disparities remain a major public health burden among rural 
populations. Consequently, comprehensive tobacco-control strategies in rural communities, like 
Appalachia, need to be reexamined, because current strategies are still limited in identifying and 
addressing the complex interactions that influence tobacco use. The mission of comprehensive 
tobacco-control programs is to reduce disease, disability, and death related to tobacco use.61 
Furthermore, the goals of comprehensive tobacco-control programs are to: prevent initiation 
among youth and young adults; promote quitting among adults and youth; eliminate exposure to 
secondhand smoke; and identify and eliminate tobacco-related health disparities among 
population groups.61 Since rural populations experience disproportionate health and economic 
burdens associated with tobacco use, a focus on eliminating rural tobacco-related health 
disparities is necessary.61 To address rural tobacco-related health disparities: 
“Organizations need to identify rural areas and understand the unique 
public health and tobacco control challenges they face in order to 
implement comprehensive, systemic tobacco control programs that 
address the underlying social, economic, cultural, and geographic 
conditions of these area.”19, p. 12  
Therefore, to reduce rural tobacco-related health disparities, research must first identify those 
specific rural populations disproportionately affected by tobacco. Once identified, future research 
can focus on assessing and evaluating the factors within these rural populations, which are 
contributing to the localized rural tobacco-related health disparities. It is only then, after tobacco 
control experts have a firm understanding of the way these factors influence rural tobacco-related 
health disparities within these targeted rural areas, can efforts shift to developing and 
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implementing tailored tobacco prevention and cessation initiatives, polices, and/or regulations 
for these rural populations. 
 Eliminating tobacco-related health disparities should focus on preventing cigarette and 
other tobacco use before long-term consequences take hold,62 beginning with those who are at 
the greatest risk – youth. Additionally, a greater understanding of how the retail tobacco 
environment favorably influences tobacco use among youth is necessary in eliminating future 
tobacco-related health disparities. Research and advocacy groups have worked to understand the 
potential benefits of controlling the number of tobacco retailers (e.g., tobacco retailer density) 
and its distance from youth spaces such as schools (e.g., proximity of tobacco retailers), with 
only limited success.35,63-68 Importantly, Food and Drug Administration (FDA) rules prohibiting 
exterior tobacco advertising within 1,000 feet of schools and playgrounds was not included in the 
passage of the 2009 Tobacco Control Act,69 and was instead issued as part of an Advanced 
Notice of Proposed Rulemaking that has not yet been acted upon.70 The idea is that these 
approaches reduce exposure to tobacco marketing, as well as availability of products and thus 
restricts youth access to tobacco products via commercial sources. This is supported by data 
showing that the density of tobacco retailers within an individual’s environment greatly 
influences tobacco availability and thus youth uptake.58,68 For example, Novak et al., (2006) 
found that the density of neighborhood tobacco retailers increases the odds of youth smoking by 
20% even after controlling for neighborhood-level demographics or by propensity score strata.67 
Overall, available evidence suggests that higher tobacco retailer density provides greater physical 
access to tobacco products because 1) it increases access by reducing travel distances and related 
search costs that consumers face, reducing their overall net cost associated with purchasing 
tobacco and 2) the overall price of tobacco products decreases in the presence of competition 
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among retailers.58 This is magnified by the fact that neighborhoods with a higher concentration 
of tobacco retailers also tend to have a higher proportion of youth.67 
 Future research examining the links between the availability of retail tobacco and youth 
smoking must begin to distinguish between the effects of 1) tobacco retailer density across the 
study area and 2) the immediate proximity of tobacco retailers to youth. Few studies have 
systematically contrasted the inter-relationships between tobacco retailer density versus 
proximity to schools and thus youth smoking behaviors. Henriksen and colleagues, (2008) found 
that high schools in neighborhoods with the highest density of tobacco retailers (> 5 retailers) 
had an adjusted average current smoking prevalence 3.2% higher than schools in neighborhoods 
with the lower densities.71 However, the distance from school to the nearest tobacco retailer was 
not associated with current smoking.71 Another study found that adolescent smokers in high 
schools with the greatest number of surrounding tobacco retailers were more likely to buy their 
own cigarettes than have someone else purchase them.64 A follow up study by Chan and 
Leatherdale, (2011) found that the number of tobacco retailers within a 1-km radius of youths’ 
schools was associated with non-smokers being more susceptible to future smoking.63 While a 
study among high school students by McCarthy et al., (2009) found a small relationship between 
tobacco retailer density within 1-mile surrounding schools and adolescent reported smoking 
initiation.66 However, the authors did not find an association between tobacco retailer density 
and established/current smoking.66 Moreover, a recent study by Lipperman-Kreda et al., (2014) 
did not find an association between the distance from school to the nearest tobacco retailer and 
current smoking.65 Additionally, the authors also observed no association between tobacco 




 Most research to date is school-centric, in that is focuses on the proximity of only one 
tobacco retailer per school and/or tobacco retailer density within some arbitrary distance around 
a school. Thus, this approach effectively ignores all outlets that do happen to fall within the 
specified school boundaries, failing to capture youth access as it occurs across the whole retail 
tobacco environment. An alternative approach is to use tobacco retailers themselves as the unit 
of analysis, including both their proximity to schools and the range of other factors that vary 
between outlets. For example, a study conducted my Kirchner and colleagues, (2014) found that 
each 100 meter decrease in the proximity to high schools among tobacco retailers within 
predominate African-American census block groups was associated with an increase in the 
likelihood of a youth tobacco sales violation.72 This is consistent with other data confirming that 
even though youth spend a majority of their time in or around schools, their homes and 
neighborhoods are also key environments for understanding youth tobacco use.73,74 Therefore, to 
understand how the retail tobacco environment affects youth smoking behaviors, it may be that 
research must focus on retail tobacco availability (e.g., density and/or proximity to) across the 
whole study area and not within defined arbitrary boundaries around specific youth spaces. 
 
1.2 Summary of Aims 
  The overall project employs an ecological framework for reducing tobacco-related health 
disparities in the U.S.  The proposed project aims to contribute in three principal ways to the field 
of tobacco control. First, it utilizes enhanced surveillance techniques to identify localized clusters 
of rural areas disproportionately affected by tobacco use, while also identifying significant 
atypical observations (e.g., rural populations with significantly lower rates of tobacco use given 
their level of rurality). Thus, Study 1 of this project entails an exploratory spatial data analysis to 
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examine the spatial associations between rurality and smoking in the contiguous U.S.  Secondly, 
utilizing primary data to address limitations in assessing the availability of retail tobacco around 
schools, Study 2 consists of a spatial analysis to examine the spatial relationship between 
tobacco retailers and public middle/high schools within three metropolitan and three 
nonmetropolitan counties of West Virginia. Finally, using primary data to address limitations of 
school-centric approaches in contrasting the inter-relationships between tobacco retailer density 
surrounding schools and tobacco retailers’ proximity to schools, Study 3 employs a retailer-
centric approach to examine the effects of retail tobacco availability on schools within three 









 While great strides have been made to reduce the overall use of tobacco in the United 
States (U.S.), tobacco use remains the leading preventable cause of death and disease.4 The 
annual burden attributable to cigarette smoking is measured in tens of billions of dollars in lost 
productivity and health care costs; and results in nearly a half-million lives lost.3 Currently, 
18.1% (~ 42.1 million) of all adults nationwide smoke cigarettes.5 Even though the overall 
prevalence of cigarette smoking has significantly declined since 2005,5 overall reduction trends 
are beginning to level off. 
 Persistently high prevalence of cigarette smoking still exists among specific population 
groups in the U.S.  Differences in the patterns, prevention, and treatment of tobacco use, and in 
the risk, incidence, mortality, and burden of tobacco-related illnesses among particular 
populations; as well as the related differences in infrastructure, access to resources, and exposure 
to environmental tobacco smoke define tobacco-related health disparities in the U.S.14 
Historically, tobacco-related health disparities occur among underserved populations 
characterized by socioeconomic status (e.g., education, occupation, income, poverty) race and 
ethnicity.12 Other factors such as geographic location/isolation, sexual orientation, gender, 
marital status, and age also contribute to tobacco-related health disparities.13 
 The Surgeon General has noted that no single factor determines the pattern of cigarette 
smoking and other tobacco use among vulnerable populations; rather, it stems from complex 
interactions between multiple factors. These include socioeconomic status, cultural 
characteristics, acculturation, stress, biologic elements, targeted advertising, price of tobacco 
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products, and varying capacities of communities to mount effective tobacco-control initiatives.15  
Thus, among various racial/ethnic groups, educational attainment levels, socioeconomic status 
gradients, and geographical regions, very large disparities in tobacco use still remain.3 
 Compared to urban/metropolitan (metro) areas, rural/nonmetropolitan (nonmetro) areas 
suffer from disproportionately more tobacco-related health disparities, including greater 
initiation rates, current use, intensity of use, exposure to second hand smoke, and cessation 
failure.16,17 While cigarette smoking prevalence has declined slightly in U.S. urban areas, rural 
residents are showing increasing rates.17,18 Rural communities vary across social, economic, 
cultural, and geographic characteristics.19 These rural communities can be heterogeneous in other 
ways, by differing in population density and in their connectivity to and remoteness from urban 
areas.20 One implication of this heterogeneity is that each rural community has a specific 
combination of factors that lead to increased tobacco use.19 Two major factors that greatly 
influence tobacco use in most areas are lower socioeconomic status and educational 
attainment.16,21 Other factors specifically associated with rural tobacco use include low levels of 
medical coverage, reduced access to medical services due to geographic isolation, reduced 
availability of cessation resources, cultural attitudes that foster tobacco use.22,23 
 In the U.S., a rural area of primary concern is the Appalachian region. The Appalachian 
region includes all of West Virginia and parts of 12 other states; Alabama, Georgia, Kentucky, 
Maryland, Mississippi, New York, North Carolina, Ohio, Pennsylvania, South Carolina, 
Tennessee, and Virginia.24  Forty-two percent of Appalachia’s population lives in a rural 
community, compared to 20% of the national population.24  Appalachia suffers 
disproportionately poorer health than the rest of the nation. This region has suffered from a long 
history of economic underdevelopment, which has led to high rates of poverty, disability, 
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unemployment, as well as low rates of educational attainment.25,26 Moreover, the Appalachian 
culture is distinct compared to mainstream U.S. society. Appalachian people are more 
independent and self-reliant, due to their strong sense of individualism and strong family ties,27 
which can be attributed to both their geographic isolation and their tendency to function within 
their own kin group.28 All of these factors increase the risk of tobacco use among Appalachians.  
 Comprehensive tobacco control strategies are greatly needed in Appalachia, because 
current strategies have proven ineffective in addressing the complex interactions that influence 
tobacco use. Comprehensive tobacco-control address a range of factors at different points in the 
trajectory of tobacco use, such as preventing initiation among youth and young adults, promoting 
quitting among adults and youth, eliminating exposures to secondhand smoke, and identifying 
and eliminating tobacco-related disparities among population groups.61 Because rural 
populations already experience disproportionate health and economic burdens associated with 
tobacco use, a focus on eliminating tobacco-related health disparities in these communities is 
necessary.61 To develop effective comprehensive tobacco control strategies in rural areas, 
organizations must first identify where those rural communities disproportionately affected by 
tobacco use are located. Once organizations have identified these rural communities, they need 
to recognize and understand the unique public health and tobacco control challenges burdening 
these populations by implementing comprehensive tobacco control strategies that address the 
underlying social, economic, cultural, and geographic conditions found in these rural areas.19 
 The current study seeks to address this research gap in rural tobacco control strategies, by 
identifying those rural areas in the U.S. disproportionately affected by tobacco use. Exploratory 
spatial data analysis (ESDA) techniques (e.g., global and local measures) were used to assess the 
spatial association between a county’s level of rurality and adult cigarette smoking. An ESDA 
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explicitly focuses on the spatial dependence (e.g., spatial association) and spatial heterogeneity 
of the data.75  ESDA techniques aim to describe spatial distributions, discover patterns of spatial 
association, suggest different spatial regimes or other forms of spatial instability, and identify 
atypical observations.75,76 Utilizing this approach enhances current surveillance efforts by 
identifying those rural populations disproportionately affected by tobacco-related health 
disparities, and by pinpointing localized rural populations for further tobacco-related disease 
surveillance. The study assesses the following two research questions: 1) Is there an overall (e.g., 
global) spatial association between rurality and adult cigarette smoking? 2) Where are these 
significant positive and negative spatial associations (e.g., clusters) located? Since tobacco-
related health disparities increase in rural areas, we hypothesize that the overall spatial 
association between county-level rurality and county-level adult cigarette smoking prevalence in 
the contiguous U.S. will result in positive spatial association. Additionally, we hypothesize that a 
majority of Appalachian counties will be identified as significant spatial clusters, because 
Appalachia suffers disproportionately more tobacco-related health disparities than any other rural 
area in the U.S. 
 
2.2 Methods 
2.2.1 County-Level Current Adult Cigarette Smoking 
 Current adult cigarette smoking prevalence were calculated by utilizing publicly available 
Behavioral Risk Factor Surveillance System (BRFSS) survey data from 2000-2010.77 The 
BRFSS is an annual telephone-based health survey of adult (age ≥ 18 years old) U.S. residents. 
State health departments administer the BRFSS, which collects data on various health risk 
behaviors by utilizing core questionnaires developed by the U.S. Centers for Disease Control and 
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Prevention (CDC). The CDC then aggregates all BRFSS respondent data for each state to 
calculate the state-level prevalence for each health risk behavior. Further details regarding 
BRFSS questionnaires are available at www.cdc.gov/brfss/questionnaires.htm, while, details 
regarding BRFSS methodology are available at 
www.cdc.gov/brfss/publications/methodology/data_qvr.htm. 
For each year (2000-2010), current cigarette smoking status was calculated by the 
responses to the following two BRFSS core questions.78 Each respondent was categorized as a 
current smoker if, he or she answered “Yes”, to the question “Have you ever smoked at least 100 
cigarettes in your entire life?” and also, responded “Every day” or “Some days”, to the follow-up 
question “Do you now smoke cigarettes every day, some days, or not at all? Additionally, a 
unique identifier for each county or county equivalent in the U.S was created by concatenating 
BRFSS state and county codes. Utilizing SAS 9.3,79 current smokers within each county 
identifier were summed across all years (2000-2010) to derive county-level current smokers. 
Since the present study only focuses on the contiguous U.S., we excluded counties in Alaska and 
Hawaii. 
Current cigarette smoking prevalence were estimated for every county or county 
equivalent in the contiguous U.S. (N=3,109). The number of smokers found in each county 
determined the approach used to calculate a reliable prevalence estimate for each county. Spatial 
empirical Bayes smoothing was utilized to generate reliable prevalence estimates for counties 
that had a sample size of one to less than 50 smokers. An advantage of this Bayesian approach is 
that it addresses the small numbers problem in generating reliable estimates for these counties.80 
This method of smoothing borrows information from adjacent neighborhoods to stabilize local 
estimates by using various spatial weights.81 A k-nearest neighbor (k=8) spatial weight matrix 
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was used to define each county’s neighborhood structure, which defines each county’s 
neighborhood as its eight-nearest (e.g., given distance) counties. Utilizing OpenGeoDa version 
1.0.1 software, 82 each county’s prevalence rate was smoothed based on the similarities between 
the prevalence found in the county’s defined neighborhood structure. For counties with a sample 
size of greater than or equal to 50 smokers, the county’s prevalence rate was weighted by the 
final weight assigned to each respondent (e.g., BRFSS final weight variable). For counties that 
were missing or had a sample size of zero smokers, the corresponding state’s weighted mean-
imputed prevalence rate from 2000-2010 was used to provide a reliable estimate of the county’s 
adult smoking rate. Therefore, to summarize, current adult smoking prevalence were derived for 
all counties in the contiguous U.S. using either weighted (≥ 50 smokers), unweighted spatially 
smoothed (1-49 smokers), or state weighted mean-imputed (missing/no smokers) prevalence. 
 A majority (43%) of the county estimates used the respondent-weighted approach, while 
a third of the county estimates utilized spatial empirical Bayes smoothed raw prevalence. 
Additionally, almost a quarter (24%) of the county prevalence estimates utilized the state’s 
mean-imputed rate, because either the county was missing respondents, or the county had no 
reported smokers over the 10-year study timeframe. 
 
2.2.2 Rurality 
 Rurality was based on the United States Department of Agriculture (USDA), Economic 
Research Service’s (ERS) 2003 rural – urban continuum codes.83 Rural – urban continuum codes 
provide a categorization of rurality that distinguishes metro counties by the population size of 
their metro area and nonmetro counties by their degree of urbanization and adjacency to a metro 
area(s).84 This classification scheme subdivides metro and nonmetro categories into three metro 
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and six nonmetro groups, resulting in a nine-part ordinal variable (Table 2.1).84 Metro categories 
group counties based on the population size of their Metropolitan Statistical Area.84 Nonmetro 
categories classify counties based on the aggregate size of their urban population, which is 
further divided by whether or not they have some functional adjacency to a metro area.84 A 
nonmetro county is adjacent if it physically adjoins one or more metro areas, and has at least 2% 
of its employed work force commuting to metro counties.84  
Table 2.1: 2003 Rural - Urban Continuum Codes 
Code   Metro Counties: 
1   Counties in metro areas of 1 million population or more 
2   Counties in metro areas of 250,000 to 1 million population 
3   Counties in metro areas of fewer than 250,000 population 
    Nonmetro Counties: 
4   Urban population of 20,000 or more, adjacent to a metro area 
5   Urban population of 20,000 or more, not adjacent to a metro area 
6   Urban population of 2,500 to 19,999, adjacent to a metro area 
7   Urban population of 2,500 to 19,999, not adjacent to a metro area 
8   Completely rural or < 2,500 urban population, adjacent to a metro area 
9   Completely rural or < 2,500 urban population, not adjacent to a metro area 
 
2.2.3 Exploratory Spatial Data Analysis (ESDA) 
 Besides examining the spatial distribution of current adult cigarette smoking prevalence 
in both the contiguous U.S. and the Appalachian region, the primary focus of the current ESDA 
was to examine the spatial association between county-level rurality and county-level current 
adult cigarette smoking prevalence in the contiguous U.S.  The spatial association measures the 
extent to which the occurrence of an event in a spatial unit (e.g., county) constrains or makes 
more probable the occurrence of an event in a neighboring county, a concept derived from 
Tobler’s first law of geography (i.e., “Everything is related to everything else, but near things are 
more related than distant things.”).85 We used both global and local measures of spatial 
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association to assess the spatial association between county-level rurality and county-level 
current adult cigarette smoking prevalence in the contiguous U.S. 
 A global measurement approach to spatial association examines the overall spatial 
dependence between the variables of interest over the entire geographic space (e.g., the 
contiguous U.S.).  Moran’s I statistic was used to assess the level and direction (e.g., positive or 
negative) of the overall pattern of dependence in the current ESDA. The Moran’s I statistic is 
visualized by a Moran scatterplot, where the slope of the regression line corresponds to Moran’s 
I.81,86 Similar to a correlation coefficient, its value varies between -1 and 1. Specific to the 
current ESDA, we extended the traditional univariate Moran’s I scatterplot to depict a bivariate 
spatial association, which measures the correlation between one variable at a location and a 
different variable at neighboring locations.81  
 Local indicators of spatial association (LISA) identify significant patterns of local spatial 
association (e.g., association around an individual location), and assesses the extent to which the 
global pattern of association is reflected uniformly throughout the data set (e.g., global 
diagnostic).76 LISA exploits the global Moran’s I statistic to evaluate local clusters by deriving a 
local Moran’s I statistic for each spatial unit and then evaluating the statistical significance of 
each local Moran’s I statistic.87 A LISA analysis produces a significance and cluster map. The 
significance map depicts the locations with significant positive or negative local Moran’s I 
statistics, while the LISA cluster map classifies those locations by the type of association.81  
 We examined the global Moran’s I statistic and the LISA between county-level rurality 
and county-level current adult cigarette smoking prevalence for the contiguous U.S. utilizing the 
Space tools in OpenGeoDa. The neighborhood structure for each of these analyses was defined 
using the same k-nearest neighbor (k=8) spatial weight matrix that was used to define the 
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neighborhood structure in the spatial empirical Bayes smoothing process above. The significance 
of the global spatial association was determined by randomly generating a referenced distribution 
of Moran’s I values based on 9,999 permutations.81 This permutation test yields a pseudo p-value 
based on the number of permutations selected to determine the level and direction of the global 
spatial association.81 Finally, LISA significance and cluster maps were combined to construct a 
95% significance level cluster map, which identifies four different clusters types based on the 
nature of the spatial association. High rurality – high smoking and low rurality – low smoking 
spatial cluster types (e.g., positive spatial association) identifies clustering of similar values, 
where rural/nonmetro counties are surrounded by counties with high prevalence of smoking and 
urban/metro counties are surrounded by counties with low prevalence of smoking 
respectively.81,87 High rurality – low smoking and low rurality – high smoking spatial clusters 
(e.g., negative spatial association) are termed spatial outliers (respectively, rural/nonmetro 
counties surrounded by counties with low prevalence of smoking and urban/metro counties 
surrounded by counties with high prevalence of smoking).81,87        
 
2.3 Results 
2.3.1 County-Level Current Adult Cigarette Smoking 
 Figure 2.1 shows the spatial distribution of the county-level estimates for current adult 
cigarette smoking prevalence derived from our various approaches. From 2000-2010, the 
average county adult smoking rate was 21.3% (SD = 4.31) in the contiguous U.S. The highest 
levels of adult cigarette smoking are found in the South and Midwest regions of the U.S., 
especially in the Appalachian states of Kentucky and West Virginia. Other states with high levels 
of adult cigarette smoking include Nevada, New Mexico, and Wyoming. The lowest levels of 
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adult cigarette smoking are seen in Utah and California. Among U.S. counties, the highest 
county adult cigarette smoking prevalence (44.07%) was observed in Shannon County, South 
Dakota, while the lowest adult smoking rate of 4.03% was found in Madison County, Idaho, a 
difference of 40%. Table 2.2 shows the top- and bottom-ranked contiguous U.S. counties for 
current adult cigarette smoking. 
 The high levels of adult cigarette smoking seen in the Appalachian region (highlighted in 
Figure 2.1) are consistent with previous findings regarding adult cigarette smoking in 
Appalachia.17,20 The highest county prevalence of adult cigarette smoking are seen in the Central 
and North Central regions of Appalachia, while the lowest prevalence are observed in the 
Southern portion of Appalachia. In Appalachia, the average county adult cigarette smoking rate 
was 24.09% (SD = 4.48). We found a difference of around 28% separating the highest 
Appalachian county adult smoking rate of 42.33% (Adair County, Kentucky) from the lowest 
Appalachian county rate of 14.34% (Douglas County, Georgia). Table 2.3 lists the top- and 
















Table 2.2: Top- and bottom-ranked contiguous U.S. counties for current adult cigarette smoking prevalence, 2000-2010 
Rank County Current Adult Cigarette Smoking Prevalence (%)* 
1 Madison County, ID   4.03         
2 Cache County, UT   5.41         
3 Utah County, UT   6.00         
4 Davis County, UT   8.26         
5 Summit County, UT   8.34         
6 Millard County, UT   8.40         
7 Wasatch County, UT   8.82         
8 Pitkin County, CO   8.88         
9 Douglas County, CO   9.10         
10 Washington County, UT   9.25         
3,100 Swain County, NC   36.10         
3,101 Washington County, MO   37.02         
3,102 Bracken County, KY   38.04         
3,103 Stokes County, NC   38.25         
3,104 Lewis County, KY   39.07         
3,105 Todd County, SD   39.97         
3,106 Rolette County, ND   41.41         
3,107 Dewey County, SD   41.85         
3,108 Adair County, KY   42.33         
3,109 Shannon County, SD   44.07         
* County-level current adult cigarette smoking prevalence are constructed from: 1) spatial empirical Bayes smoothed raw prevalence (1-49 smokers);  
2) respondent – weighted rate (≥ 50 smokers); and 3) state mean imputed prevalence (missing and/or 0 smokers). 
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  Table 2.3: Top- and bottom-ranked Appalachian counties for current adult cigarette smoking prevalence, 2000-2010 
Rank County       Current Adult Cigarette Smoking Prevalence (%)* 
1 Douglas County, GA   14.34         
2 Centre County, PA   14.65         
3 Botetourt County, VA   15.08         
4 Forsyth County, GA   15.23         
5 Juniata County, PA   15.64         
6 Hardy County, WV   16.08         
7 Lumpkin County, GA   16.09         
8 Warren County, TN   16.29         
9 Mifflin County, PA   16.33         
10 Mineral County, WV   16.35         
419 Lawrence County, KY   34.55         
420 Bath County, KY   34.62         
421 Carter County, KY   34.63         
422 Mingo County, WV   35.35         
423 McDowell County, WV   35.47         
424 Wyoming County, WV   35.83         
425 Swain County, NC   36.10         
426 Stokes County, NC   38.25         
427 Lewis County, KY   39.07         
428 Adair County, KY   42.33         
* County-level current adult cigarette smoking prevalence are constructed from: 1) spatial empirical Bayes smoothed raw prevalence (1-49 smokers); 
 2) respondent – weighted rate (≥ 50 smokers); and 3) state mean imputed prevalence (missing and/or 0 smokers). 
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2.3.2 Spatial Association between Rurality and Current Adult Cigarette Smoking 
 Overall, we found the global spatial association between county-level rurality and 
county-level current adult cigarette smoking prevalence to be significant (pseudo p-value < 
0.0001), but the spatial association was only slightly positive (Moran’s I = 0.0438). The LISA 
analysis identified 1,147 significant (pseudo p-value < 0.05) county clusters. The LISA 95% 
significance cluster map is shown in Figure 2.2. The four different cluster types identify areas 
where smoking prevalence within the focal county’s neighborhood structure is significantly 
higher or lower given the level of rurality of the focal county. Positive spatial association was 
observed in 637 counties and was almost evenly distributed between high rurality – high 
smoking (N=319) and low rurality – low smoking (N=318) county clusters. A majority of the 
high rurality – high smoking county clusters are observed in Oklahoma, Missouri, Arkansas, 
Mississippi, West Virginia, and Kentucky. Low rurality – low smoking county clusters are 
mainly seen in the western half of the U.S., specifically in California, Oregon, Washington, 
Idaho, Utah, and Arizona. Additional low rurality – low smoking county clusters are seen along 
the northeast corridor of the U.S. from Virginia to Massachusetts; while, Texas and Minnesota 
also have numerous low rurality – low smoking spatial clusters. We identified 510 counties with 
negative spatial association. A majority (54%) of these spatial outliers (e.g., high rurality – low 
smoking) have neighborhood structures with significantly lower prevalence of smoking given the 
very rural nature of the local county. High rurality – low smoking spatial outliers were mainly 
observed in the western part of the U.S. where low rurality – low smoking clusters exist. This 
effect was also seen within the Texas and Minnesota high rurality – low smoking spatial outliers. 
On the other hand, we observed a majority of the 235 counties with low rurality – high smoking 
in Oklahoma, Kentucky, Indiana, West Virginia, and North Carolina. 
29 
 





 Overall, findings showed reliable county-level estimates of current adult cigarette 
smoking by aggregating publically available BRFSS data from 2000-2010, and successfully 
identified areas disproportionately affected by rural tobacco-related health disparities. This work 
complements the findings of a recent study that presented a small area estimation approach to 
estimating annual cigarette smoking prevalence for U.S. counties.88 This study found that the 
Appalachian region has some of the highest prevalence of cigarette smoking in the U.S, which 
confirms findings from other previous studies.21,25 Furthermore, ESDA techniques were able to 
assess the global and local spatial associations between rurality and adult smoking prevalence on 
a county scale. While the global estimate found the overall spatial association between county-
level rurality and county-level adult smoking prevalence to be slightly positive across the 
contiguous U.S., LISA was able to successfully identify where numerous spatial clusters (e.g., 
positive spatial association) and spatial outliers (e.g., negative spatial association) exist within 
the contiguous U.S. By identifying those rural populations that are disproportionately affected by 
tobacco use (e.g., high rurality – high smoking spatial clusters), provides tobacco control experts 
the ability to accurately assess and evaluate those factors that are contributing to tobacco-related 
health disparities within these specific rural clusters. Once tobacco control specialists have an 
understanding of how those factors are associated with the tobacco-related health disparities 
found in these localized rural populations, they can begin to develop and disseminate tailored 
tobacco prevention and cessation initiatives that clearly address the tobacco burdens these rural 




The ability to identify clusters of significant spatial outliers (e.g., negative spatial 
association) is perhaps the most intriguing finding, because this type of clustering identifies areas 
where the inverse spatial relationship (e.g., dissimilar values) exists. These spatial outliers 
identify whether a rural/nonmetro county is surrounded by counties with significantly lower 
prevalence of smoking (e.g., high rurality – low smoking) than would normally be observed or 
where an urban/metro county is surrounded by counties with significantly higher prevalence of 
smoking (e.g., low rurality – high smoking) than would normally be observed. This finding is 
particularly interesting because, tobacco control specialists can compare the various tobacco 
control policies, programs and initiatives found in these spatial outliers (e.g., high rurality – low 
smoking) and determine whether they, if any, can be tailored, disseminated, and implemented to 
the counties that are disproportionately affected by tobacco-related health disparities (e.g., high 
rurality – high smoking). Additionally, tobacco control experts can focus on examining the 
factors that are contributing to this low prevalence of smoking in these rural/nonmetro areas. For 
example, in the high rurality – low smoking spatial outliers of the Pacific Northwest, what 
factors contribute to that particular population having significantly lower prevalence of adult 
smoking given the rural nature of the population and how does this rural area differ in terms of 
demographics, resources, and tobacco control policies, programs, and initiatives from Central 
Appalachia. The most obvious candidate would be spatial clustering of educational and income 
disparities, which differ greatly between Central Appalachia and the Pacific Northwest, and are 
tightly linked to smoking prevalence. Another contributing factor may be the religious 
composition of the population, especially when considering the spatial outliers (e.g., high rurality 
– low smoking) found in in Utah and southeast Idaho. In 2013, six in 10 Utah residents identify 
themselves as Mormon and only 5% of this population smoked.89 Cultural beliefs can also 
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mitigate rates of smoking in rural populations. For example, the high rurality – low smoking 
spatial outliers found in Northern Appalachia are possibly a result of the large Amish and 
Mennonite populations living there. Similarly, tobacco control policies, program, and initiatives 
that significantly reduce tobacco-related health disparities in urban/metro areas (e.g., low rurality 
– low smoking spatial clusters) should be tailored, disseminated and implemented in urban/metro 
areas with significantly higher prevalence of smoking (e.g., low rurality – high smoking spatial 
outliers). 
This ESDA approach was successful in examining both global and local measures of 
spatial association between county-level rurality and county-level adult cigarette smoking 
prevalence; however, several limitations exist. First, our methodical approach does not provide 
inference into causality; therefore, we cannot conclude that a county’s level of rurality causes the 
county’s adult population to smoke. Second, while our approach to construct county-level adult 
smoking prevalence estimates was not as methodically sound as the small area estimation 
methods  used by Dwyer-Lindgren et al., 2014,88 it was still able to generate reliable point 
estimates of adult smoking prevalence for each county in the contiguous U.S. Furthermore, since 
we used the aggregated state mean-imputed estimates for those counties that were missing 
respondents in our approach the effect size of the global spatial association was underestimated. 
Lastly, a county’s level of rurality, defined by its rural-urban continuum code, was treated as a 
continuous variable given the number of levels and ordinal nature of this variable.90 
 In conclusion, tobacco use will plateau until we target those who have the most risk for 
tobacco-related health disparities – rural populations.91 In this study, we successfully identified 
those rural areas. Additionally, we successfully identified areas where the inverse of the 
relationship exists (e.g., spatial outliers), in these specific rural areas, the prevalence of smoking 
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is significantly lower than expected given the rural nature of the populations. Further research is 
needed to understand “what” and “why” these factors and/or policies are inhibiting tobacco use 
within these specific rural populations. Due to the heterogeneity of rural areas, research must 
now focus on identifying and evaluating the factors contributing to the tobacco-related health 
disparities within these specific rural areas. Only after tobacco control experts have a firm 
understanding of the way these factors influence tobacco-related health disparities within these 
targeted rural areas can efforts shift to creating tailored tobacco prevention and cessation 
initiatives, policies, and/or regulations for these rural populations. Overall, this approach will 
help inform and guide health policy decisions by providing state policymakers with the ability to 
target their resources to those rural populations disproportionately affected by tobacco-related 








   













 Youth tobacco use remains a public health epidemic. Currently, 15.7% of all high school 
students (e.g., 2.7 million) in the United States (U.S.) smoke cigarettes.8 Unless youth smoking 
rates decline, 5.6 million of today’s youth (under18) will eventually die from the consequences 
of cigarette smoking.3 Emerging evidence suggest that youth smoking research must address the 
environmental factors that favorably influence tobacco use. Currently, 18.1% of  high school 
students (e.g., grades 9 – 12) who currently smoke cigarettes directly purchase their cigarettes 
from stores or gas stations.8 Some youth smokers buy their cigarettes directly from retailers or 
other youth smokers, or have someone else buy them, while other youth smokers obtain their 
cigarettes freely via social sources (e.g., friends and classmates). A study based on the California 
Tobacco Survey found that more than 80% of youths who have ever smoked had previously 
acquired cigarettes from others, with the majority being acquired from their friends.92  
 A recent (2011) Cochrane Review concluded that exposure to tobacco retailers and their 
subsequent tobacco marketing practices is associated with the likelihood that youths initiate 
cigarette smoking.44 The density of tobacco retailers within an individual’s environment greatly 
influences tobacco availability and thus youth uptake.58,68 Neighborhoods with a higher 
concentration of tobacco retailers also have a higher proportion of youth.67 Among youths, retail 
tobacco availability has been found to be associated with smoking initiation.68 Henriksen and 
colleagues (2008) found that high schools in neighborhoods with the highest density of tobacco 
retailers (>5 retailers) had an adjusted average current smoking prevalence 3.2% higher than 
schools in neighborhoods with lower densities.71 Moreover, Novak et al., (2006) found that the 
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density of neighborhood tobacco retailers increases the odds of youth smoking by 20% even after 
controlling for either neighborhood-level demographics or by propensity score strata.67  
Available evidence suggests that higher tobacco retailer density provides greater physical access 
to tobacco products because 1) it increases access by reducing travel distances and related search 
costs that consumers face, reducing their overall net cost associated with purchasing tobacco and 
2) the overall price of tobacco products decreases in the presence of competition among 
retailers.58  
Tobacco retailer density co-occurs with numerous demographic and socioeconomic 
factors associated with increased tobacco use. Peterson et al., (2005) found that counties 
clustered together on the basis of tobacco retailer density and smoking prevalence, as well as 
those with higher levels of tobacco retailer density and cigarette smoking, have a tendency to 
have a higher percentage of minority residents.57 Meanwhile, a study comparing census tracts 
found that tracts in the lowest quartile of household income have more than twice the number of 
tobacco retailers than tracts from the highest quartile.58 Another study by Chuang and colleagues, 
(2005) found that neighborhoods with a higher proportion of lower socioeconomic residents and 
a higher density of convenience stores, people smoke more cigarettes per day.59 The authors also 
found a higher percentage of heavy smokers live in either low socioeconomic neighborhoods or 
neighborhoods with high convenience store density.59 Furthermore, lower socioeconomic 
neighborhoods have significantly higher levels of convenience store concentration using several 
methods of measurement (e.g., density of stores, percentage of residents living near a store, or 
percentage of stores within a one-mile radius).59 A recent national study concluded that race, 
ethnic and socioeconomic factors are positively associated with tobacco retailer density and that 
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these associations are not simply a function of higher population density among poor and 
minority populations.60  
 Tobacco retailer density also directly influences the presence and amount of tobacco 
marketing found within an individual’s environment. Since the Master Settlement Agreement,29 
the prevalence of interior and exterior tobacco advertising has increased significantly in tobacco 
retailers.32,33 In 2011, the tobacco industry spent $8.37 billion on tobacco marketing 
nationwide.39 These expenditures pay for traditional retail tobacco advertising (e.g., 
exterior/interior signage/advertisements and branded/non-branded functional items), price 
discounts for consumers (e.g., “Buy two, get one free”), and retail promotional allowances (e.g., 
shelving and incentive payments to retailers for displaying cigarettes in prime location, 
especially around the counter).39,40 Additionally,  price discounts paid to tobacco retailers to 
reduce the price for consumers accounted for a vast majority (83.6%) of the expenditures.39 
Increases in tobacco marketing within tobacco retailers has been found to increase average 
tobacco sales by 12% to 28%.38,41  In 2001, Feighery and colleagues found that the average 
number of tobacco advertisements varies among different types of tobacco retailers.34 They 
found that liquor stores tend to have the greatest number of tobacco advertisements followed by 
small stores (e.g., including small drug stores and markets) and convenience stores (e.g., 
including those that sold gasoline).34 Tobacco retailers that are popular among youths, display 
three times the amount of exterior and interior cigarette marketing and twice as much shelf space 
for Marlboro, Camel and Newport brand cigarettes, which account for more than 80% of the 
cigarettes bought by youths.35,36 Thus, retail tobacco marketing increases youths’ exposure to 
tobacco because an estimated 75% of youths shop at a convenience store at least once a week 
and on average shop twice as long as adults.37,38 
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  The most common and influential form of tobacco marketing found within the tobacco 
retail environment is considered PoS tobacco marketing. Approximately 83% of the cigarette 
advertisements displayed in all types of tobacco retailers are considered PoS tobacco 
marketing.34 By definition, PoS tobacco marketing is advertising created around “impulse 
purchasing” and is designed to capture the consumer’s attention, especially at the place of 
payment – checkout counter. PoS tobacco marketing influences youth behavior both cognitively 
and affectively by promoting the perceived benefits and positive attitudes of tobacco use related 
to, key concerns of youths, such as social approval, peer bonding, autonomy, self-image, and 
adventure seeking.44 Furthermore, experimental studies have suggested that exposure to retailer 
tobacco marketing distorts youths’ perceptions about the availability, use, and popularity of 
tobacco and these normative beliefs are precursors of smoking.45-49 Several empirical studies 
have linked retail tobacco marketing practices to youth smoking susceptibility.50-52 Meanwhile, 
youths exposed to weekly tobacco marketing in stores are more likely to experiment with 
smoking.53,54 Youths who visit stores with tobacco advertising at least twice a week double their 
odds of initiating cigarette smoking.55 After controlling for school differences and other 
covariates, middle school students who are exposed to retail tobacco marketing at least once a 
week or more had a 50% increase in the likelihood of ever smoking, similar to the effects of 
having a parent or household member who smokes.53 Moreover, PoS advertising is associated 
with encouraging youth to try smoking, while cigarette promotions are associated with 
influencing adolescents experimenting with cigarettes to progress to regular smoking, with 




 The purpose of the current study is 1) to visualize tobacco retailer density around public 
middle/high schools and 2) to examine the spatial relationship that exists between the location of 
tobacco retailers and public middle/high schools within six West Virginia counties that have 
divergent levels of rurality, defined as either metropolitan (e.g., metro) or nonmetropolitan (e.g., 
nonmetro). We hypothesize that schools in nonmetro counties will have relatively less access to 
tobacco/tobacco marketing than metro counties. West Virginia is an ideal site to implement this 
study, because the state has the highest rate of youth cigarette smoking (19.6%) in the nation.8 
The annual tobacco industry marketing expenditures in this rural state are $120.4 million.93 A 
weighted Kernel Density Estimation (KDE) approach assessed the availability of tobacco 
retailers in each county. This novel approach advances the literature on current density 
approaches by weighting each tobacco retailer by its respective tobacco marketing. The resulting 
density surface will visualize a school’s access to “influential” tobacco retailers across the whole 
study area. To our knowledge, this is the first study that examines tobacco retailer density while 
accounting for tobacco marketing. Furthermore, a bivariate Ripley’s K-function will examine the 
spatial relationship between the locations of tobacco retailers and schools within each county to 
test the hypothesis that the locations are independent of each other. 
 
3.2 Methods 
3.2.1 Metro and Nonmetro West Virginia Counties 
 Three metro and three nonmetro counties were systematically selected from all the 
counties (N=55) in West Virginia based on criteria for a future study. We selected metro and 
nonmetro counties based on: 1) metro/nonmetro status and 2) program evaluation data from a 
youth smoking cessation program disseminated in West Virginia (e.g., number of program 
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offerings and total number of participants). Only counties with program offering from 2008 - 
2013 were considered for inclusion.  
 The U.S. Department of Agriculture, Economic Research Service’s 2003 rural – urban 
continuum codes classified each county as either metro or nonmetro.83 This categorization of 
rurality, distinguishes metro counties by the population size of their Metropolitan Statistical Area 
and nonmetro counties by their degree of urbanization (e.g., aggregate size of their urban 
population) and adjacency to a metro area(s).84 A nonmetro county is adjacent if it physically 
adjoins one or more metro areas and has at least 2% of its employed work force commuting to a 
metro county.84 Based on these criteria, the resulting nine-part ordinal classification scheme 
subdivides metro and nonmetro categories into three metro and six nonmetro groups.84 Figure 
3.1 identifies the location of the three metro counties (e.g., Lincoln, Ohio, Monongalia) and three 
nonmetro counties (e.g., Fayette, Greenbrier, Randolph) in West Virginia that were selected for 













Figure 3.1: The Geographical Location of Study Specific Metropolitan and Nonmetropolitan Counties in West Virginia  
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3.2.2 Tobacco Retailer Data 
 Tobacco retailers within each of the three metro and nonmetro West Virginia counties 
were identified using North American Industry Classification System (NAICS) codes. 
Developed by the Office of Management and Budget, NAICS is the standard used by Federal 
statistical agencies to classify the primary activity of all business establishments.94 For each of 
the six West Virginia counties, 2012 NAICS geocoded data was obtained from the NAICS 
Association’s U.S. Business Directory.95 The following retail categories and corresponding 
NAICS codes were included: supermarkets and other grocery stores (NAICS: 445110); 
convenience stores (NAICS: 445120); beer, wine and liquor stores (NAICS: 445310); 
pharmacies and drug stores (NAICS: 446110); gasoline stations with convenience stores 
(NAICS: 447110); other gasoline stations (NAICS: 447190); and tobacco stores (NAICS: 
453991).  The final NAICS dataset included N = 354 retail outlets that potentially sold tobacco. 
 To ensure the comprehensiveness of the NAICS dataset, a trained field worker visited 
each retail outlet between August, 2013  – November, 2013 and assessed whether the outlet 1) 
sold tobacco; 2) was named correctly; and 3) was geocoded accurately. Retail outlets that did not 
sell tobacco, or were no longer in business, or were a proprietor’s home address were excluded 
(N = 155) from the final tobacco retailer dataset. To ensure the spatial accuracy of each tobacco 
retailer, during each visit, the field worker would verify the outlet’s geocoded location utilizing 
the GIS Pro iPad application.96 Utilizing the aerial imagery in this application, the field worker 
would correct the location of any tobacco retailers that were inaccurately geocoded. To, correct, 
or orthorectify, an outlet, the field worker would move the outlet’s point location to the outlet’s 
rooftop on the aerial image, which would update the outlet’s GPS coordinates (e.g., latitude and 
longitude) automatically. A 127 tobacco retailers were orthorectified. While field validating the 
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original NAICS dataset, field workers renamed (N = 54) outlets and identified (N = 77) 
additional tobacco retailers matching the NAICS categories above that were not included in the 
original dataset. For each of the field identified tobacco retailers, the field worker would record 
the store’s name, GPS coordinates (e.g., latitude and longitude), and NAICS category to add the 
outlet to the final tobacco retailer dataset. An additional web search provided the retailer’s 
address and telephone number. Additionally, the field worker quantified the amount of exterior 
tobacco marketing (e.g., branded and non-branded signage, advertisements and functional items) 
for each outlet utilizing a hand counter. To ensure the reliability of this measurement, the field 
worker counted the total amount of exterior tobacco marketing multiple times. Once 
concordance was observed between two consecutive counts, the measurement was assumed 
reliable. The final comprehensive tobacco retailer dataset contained (N = 276) retail outlets. 
 
3.2.3 School Data  
 For each of the six counties, school data (e.g., school type, school name, grade levels, 
county, street address, and telephone number) was obtained from the West Virginia’s 
Department of Education’s School Directory website.97 Only public middle/high schools (e.g., 
any public school with grade levels ≥ 6th grade) were included in this study. Middle/high school 
addresses were batch geocoded using the World geocoding services in Esri’s ArcGIS for 
Desktop Advanced version 10.2 software.98 Similarly, to ensure the spatial accuracy of the batch 
geocoded school addresses, each school was rooftop orthorectified using ArcGIS aerial imagery 
using the same process as tobacco retailers. The final school dataset contained a total of (N = 33) 




3.2.4 Tobacco Retailer Density  
 For each county, a density surface of tobacco retailers was generated using kernel density 
estimation (KDE). To examine each school’s access to tobacco retailers, we used a static 
bandwidth KDE approach. This non-parametric method extrapolates point location data over a 
study area by calculating the density of the points using a specified bandwidth (e.g., a circle of a 
given radius centered at the focal point location) and results in a smooth, continuous density 
surface where every location (i.e., every 30 meter pixel) in the study area has an assigned density 
value.99 A recent national study examining individuals’ access to retail outlets provided the basis 
for the static bandwidth used in this KDE analysis.100 This previous study optimized the static 
bandwidth used in their KDE analysis by constructing various density surfaces utilizing an array 
of distance-based bandwidths.100 Bandwidth selection (e.g., 5-mile bandwidth) was based on the 
density surface that optimized the kurtosis of the density surface (e.g., not too peaked or too 
smoothed), given the underlying point distribution.100 However, unlike the previous study’s 
density surface, the current KDE analysis weighted each tobacco retailer based on the amount of 
exterior tobacco marketing each outlet exhibited. Population weighting each outlet by the 
outlet’s amount of exterior tobacco marketing determined the number of times to count the point 
(e.g., an outlet with a value of seven tobacco marketing items would be counted as seven points) 
in the KDE analysis. To standardize the population values used for each county’s density 
surface, we weighted each outlet using the break values (e.g., 0, 7, 17, and 75) from the quartile 
distribution of exterior tobacco marketing. The spatial analyst density toolset in ArcGIS 
generated the weighted density surface for each county. To produce each county’s weighted 
density surface in ArcGIS, a Gaussian kernel with an empirically validated “optimized” fixed 5-
mile bandwidth was used. The resulting density surfaces had a cell size of 30 meters. Overlaying 
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each county’s school location data, on top of the weighted density surface provides the ability to 
evaluate each school’s access to influential tobacco retailers in the county.  
 
3.2.5 Bivariate K-Function 
 For each county, a bivariate Ripley’s K-function was used to examine the spatial 
association between tobacco retailers and schools under the assumption of independence. The 
bivariate K-function estimates the expected number of tobacco retailers within a specified 
distance of a school. Under the assumption of independence, the locations of tobacco retailers 
should be random with respect to the locations of schools, regardless of whether the schools are 
random, clustered, or regular. Departures from independence will result in either attraction (e.g., 
the location of tobacco retailers and schools tend to occur close together) or repulsion (e.g., the 
location of tobacco retailers and schools tend to not occur close together). Additionally, to 
control for edge effects we utilized a common extension of Ripley’s estimator: 
Α 	∑ ∑ , ,	 , 
where		   and  are the density of two independent point patterns i and j across study area A; 
and  ,  is the fraction of the circumference of a circle centered at the k’th location of 
process i with radius ,  that lies inside the study area A was used. For each county, the 
bivariate Ripley’s K-function between the locations of tobacco retailers and schools was 
calculated utilizing the Spatstat package in the R statistical programming environment.101,102 
Using random shift simulation, upper and lower simulation envelopes (e.g., confidence limits 
based on 99 simulations), we assessed the significance of the spatial association between 





3.3.1 Tobacco Retailers and Schools 
 Overall, there was an average of 46 tobacco retailers (SD = 14.42) per county. Table 3.1 
provides a summary of the tobacco retailers within each metro and nonmetro county. 
Convenience stores (40.22%) were the most common type of tobacco retailer; followed by 
supermarkets/grocery stores (24.28%) and other gasoline stations (16.3%). Each county also 
observed this similar pattern. Within metro and nonmetro counties, there were 142 (Mean = 
47.33, SD = 18.41) and 134 (Mean = 44.67, SD = 8.58) tobacco retailers respectively. Overall, 
field inspectors observed 2,913 (Mean = 10.55, SD = 13.33) pieces of exterior tobacco 
marketing. The amount of exterior tobacco marketing ranged from zero to 75 pieces per store. 
Among metro and nonmetro tobacco retailers, there was 1,719 (Mean = 12.11, SD = 14.88) and 
1,194 (Mean = 8.91, SD = 11.23) total pieces of tobacco marketing respectively. Of the schools 
identified in this study, 17 were middle schools and 16 were high schools. Table 3.2 provides an 
overview of the schools within each metro and nonmetro county. Overall, the total number of 
middle/high schools was almost evenly distributed (N = 17 vs. N =16) between metro and 
nonmetro counties.   
  











Table 3.1: Summary of Tobacco Retailers within Metro and Nonmetro West Virginia Study Counties                  
 Metro Counties  Nonmetro Counties    
 Monongalia  Ohio  Lincoln  Randolph  Fayette  Greenbrier  Overall 
NAICS Description N  (%)   N  (%)   N  (%)   N  (%)   N  (%)   N  (%)   N  (%) 
Beer, Wine, Liquor Stores 2 (2.9)  4 (8.2)  0 (0)  0 (0)  2 (3.64)  1 (2.22)  9 (3.26) 
Convenience Stores 28 (40.58)  12 (24.5)  11 (45.83)  11 (32.35)  28 (50.91)  21 (46.67)  111 (40.22) 
Other Gasoline Stations 9 (13.04)  13 (26.5)  1 (4.17)  10 (29.41)  5 (9.09)  7 (15.56)  45 (16.3) 
Pharmacies & Drug Stores 6 (8.7)  4 (8.2)  2 (8.33)  3 (8.82)  6 (10.91)  4 (8.89)  25 (9.06) 
Supermarkets & Grocery Stores 19 (27.54)  9 (18.4)  8 (33.33)  8 (23.53)  12 (21.82)  11 (24.44)  67 (24.28) 
Tobacco Stores 5 (7.25)   7 (14.2)   2 (8.33)   2 (5.88)   2 (3.64)   1 (2.22)   19 (6.88) 




Table 3.2: Summary of Schools within Metro and Nonmetro West Virginia Study Counties                            
 Metro Counties  Nonmetro Counties    
 Monongalia  Ohio  Lincoln  Randolph  Fayette  Greenbrier  Overall 
Schools N  (%)   N (%)   N (%)   N (%)   N  (%)   N  (%)   N  (%) 
Middle Schools 4 (57.14)  4 (80)  4 (80)  1 (20)  2 (28.57)  2 (50)  17 (51.52) 
High Schools 3 (42.86)   1 (20)   1 (20)   4 (80)   5 (71.43)   2 (50)   16 (48.48) 




3.3.2 Tobacco Retailer Density 
Figure 3.2 illustrates tobacco retailer density, weighted by exterior tobacco marketing, for 
each county. Each county had at least one or more centralized areas where tobacco retailer 
density was the highest. These density hot spots can be attributed to the underlying built 
environment (e.g., structure) of the cities and towns found within each county (e.g., tobacco 
retailers tend to cluster within cities and towns). Therefore, a county’s tobacco retailer density is 
determined by the number and size (e.g., land area and/or population density) of its cities/towns, 
and is independent of its metro or nonmetro status. For example, this can be observed by 
examining the tobacco retailer density between Monongalia (e.g., metro) and Greenbrier (e.g., 
nonmetro) counties. The large hot-spot of tobacco retailer density found in Monongalia county is 
directly related to one of West Virginia’s largest cities – Morgantown, WV (2010 Population: 
29,660).103 While the two small hot spots in Greenbrier county can be attributed to the city of 
Lewisburg, WV (2010 Population: 3,830) and the town of Rainelle, WV (2010 Population: 
1,505), which are some of the smaller cities/towns in West Virginia. Additionally, this 
determines whether the density surface within each county will have a monocentric or 
polycentric urban pattern.  A monocentric urban pattern is apparent in a county if it has only one 
predominantly, large centralized city/town. Two of the three metro counties observed this 
monocentric urban pattern. In Monongalia county (e.g., see description above) and Ohio county, 
home to Wheeling, WV (2010 Population: 28,486) have a monocentric urban pattern of tobacco 
retailer density because of the overall size of their cities compared to the overall size of the 
county. While a county with several localized similarly sized cities/towns will form a polycentric 
urban pattern. An example of a county taking on a polycentric urban pattern is Lincoln County. 
Schools also clustered within the underlying structure of the cities and towns within each county. 
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Approximately 39% of middle/high schools were located in areas where the weighted tobacco 
retailer density was above the mean density average for all middle/high schools. As expected 
though, roughly 77% of these schools were located in metro counties. Additionally, weighting 
tobacco retailer density by exterior tobacco marketing caused each county’s density surface to 
shift slightly towards school locations. This illustrates that youth in these schools not only have a 

























3.3.3 Bivariate Ripley’s K-Function  
 Plotting the observed bivariate Ripley’s K-Function estimate over increasing distances 
(e.g., solid black line) against the simulated confidence envelope of the theoretical estimate (e.g., 
grey area) determined the spatial relationship between the locations of tobacco retailers and 
schools for each county. (Figure 3.3) In each county, the locations of tobacco retailers and 
schools exhibited a significant spatial interaction (e.g., occurred close together), because the 
observed bivariate Ripley’s K-function estimate was greater than the simulated 99% confidence 
envelope of the theoretical estimate (e.g., there were more school/retailer pairs at this distance 
apart than would be expected under the null hypothesis of no interaction). Within each of three 
metro counties, the spatial interaction between tobacco retailers and schools was significant 
across all distances larger than 1 km. While only one nonmetro county, Greenbrier County, 
observed a significant spatial interaction between tobacco retailers and schools across all 
distances larger than 1 km. A significant spatial interaction between tobacco retailers and schools 
was seen in both Fayette and Randolph counties, however the spatial interaction was only 
observed over the distances between 1 km – 10 km and 1 km – 13 km respectively. To assess the 
distance at which the spatial interaction reached significance in each county, we zoomed in on 
each of the plots. (Figure 3.4) In metro counties (e.g., Monongalia, Ohio, and Lincoln), the 
spatial interaction between tobacco retailers and schools reached significance starting at 
distances of 400 m, 500 m, and 800 m respectively. While two of the three nonmetro counties 
(e.g., Fayette and Randolph) reached significance at distances (e.g., 400 m and 450 m) 
comparable to metro counties, one county (e.g., Greenbrier) did not reach significance until the 




Figure 3.3: Bivariate Ripley’s K-Function Plots of the Spatial Relationship between Tobacco Retailers and Schools  
 
Note: Each of the Ripley’s bivariate K-function plots (Above) indicates that a significant spatial interaction exists between the locations of tobacco retailers and 
middle/high schools, because the observed Bivariate K-function estimate (Dark Solid Line) rises above the simulated 99% confidence envelope (Grey Shaded 
Area) in each plot. Each county observed a significant spatial interaction at a distance of approximately 1 km. Only Fayette and Randolph counties did not 





Figure 3.4: High Resolution View of the Bivariate Ripley’s K-Function Plots 
Note: The bivariate Ripley’s K-function plots (Above) is a rescaled view of the Ripley’s K-function plots seen in Figure 3. These plots assess the distance at 
which the spatial interaction between the locations of tobacco retailers and middle/high schools first reaches significance. This is the distance when the observed 
bivariate Ripley’s K-function estimate (Dark Solid Line) first rises above the simulated 99% confidence envelope (Grey Shaded Area). Monongalia, Ohio, and 
Lincoln counties (e.g., metro counties) reached significance at a distance of approximately 400 m, 500 m, and 800 m, respectively. While nonmetro counties 






While previous studies have assessed tobacco retailer density around schools,43,64,71 the 
density approach used in these studies (e.g., counting the number of tobacco retailers within an 
arbitrary boundary around each school) does not measure the overall access of tobacco retailers 
across the study area. The current study utilizes a novel approach (e.g., weighted KDE) to assess 
a youths’ access to tobacco from schools.99 The resulting tobacco retailer density in each county 
did align with findings from a national report on the PoS of tobacco.104 The report concluded that 
tobacco retailer density is highly correlated with population density and tobacco retailers are 
frequently clustered together based on the built environment,104 which provides the rationale of 
the tobacco retailer density hot spots seen in each county.  
The current study also identified the overall spatial relationship between the locations of 
tobacco retailers and schools. A significant spatial interaction between the tobacco retailers and 
schools was observed in each county. The findings from this spatial interaction can guide future 
to tobacco control policies, such as banning PoS advertising near schools. Currently, tobacco 
control experts call for implementing a 1,000-foot ban of PoS advertising around schools.105 
However, this chosen distance-based ban is spatially arbitrary given the locations of tobacco 
retailers around schools. The authors’ point out that a 1,000-foot ban on PoS advertising in New 
York City and St. Louis would affect 51% and 22% of tobacco retailers, respectively, but a 350-
foot ban would have nearly a nonexistent affect in some parts of the country.105 Therefore, this 
distance-based ban is subjective and dependent upon the built environment in which the ban is 
being proposed. Based on this study’s findings, tobacco control experts can derive an empirically 
based distance to use in implementing PoS advertising bans, which would utilize the distance at 
which the significant spatial interaction between tobacco retailers and schools was observed. For 
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instance, a PoS advertising ban around schools in Monongalia County would be based on the 
distance (e.g., 400 m or ~1,300 feet) when the spatial interaction between tobacco retailers and 
school reached significance. Additionally, this approach provides the ability to tailor PoS 
advertising bans depending on whether the ban is being proposed for a city, county, or state; 
because the distance at which the spatial interaction reaches significance is determined by the 
locations of tobacco retailers and schools within the city, county, or state.     
There are some strengths and limitations to these findings. The major limitation of this 
study is its cross-sectional design. While the descriptive nature of the tobacco retailer density in 
each county provides insight into the access of tobacco around each school, inferences cannot 
ascertain whether smoking is more prevalent in the most heavily impacted schools. Additionally, 
we did not include all possible tobacco retailers due to the categorization of NAICS data to 
identify retailers that sold tobacco. For example, some department and discount department 
stores (e.g., Wal-Mart, Costco, Family Dollar, and Dollar Tree) may be tobacco retailers. 
However, the strength of field-validating identified retailers to determine whether the retailer 
sold tobacco increased the reliability of the tobacco retailer dataset. Adding missing retailers 
matching the selected NAICS descriptions that sold tobacco ensured the comprehensiveness of 
the tobacco retailer dataset. In addition, ortho-rectifying the location of tobacco retailers and 
schools enhanced the overall spatial accuracy of both datasets. Lastly, we did not account for the 
underlying population density within each county, which could confound the spatial relationship 
between the locations of schools and tobacco retailers, because tobacco retailers and schools tend 
to be located with densely populated areas.  
Overall, this is the first study to examine the spatial relationship that exists between 
locations of tobacco retailers and schools. The current study advances the literature on density 
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approaches by weighting each tobacco retailer by its tobacco marketing, which visualized a 
schools’ access to ‘influential” tobacco retailers. To our knowledge, no other study has examined 
tobacco retailer density by weighting for tobacco marketing in its estimates. Each county’s 
density surface took on an urban pattern (e.g., either monocentric or polycentric) that was 
reflective of the county’s underlying built environment structure and this pattern was 
independent of the county’s metro/nonmetro status. In concluding, since a significant spatial 
interaction exists between tobacco retailers and schools independent of their metro/nonmetro 
status, findings from this study can guide future policy work regarding zoning ordinances around 
schools within cities. Where the distance at which a significant spatial interaction was observed 
between tobacco retailers and schools would be used as a recommendation into the distance 











 The 1998 Master Settlement Agreement aimed to prevent youth smoking by restricting 
tobacco sponsorships and promotional activities, banning tobacco billboards, and the use of 
cartoons in all advertising, while advertising provisions included limiting the size of exterior 
signs to no more than 14 square feet.29 Since these restrictions, tobacco companies have become 
more dependent on the retail environment to market their products.30,31  For example, the 
prevalence of interior and exterior tobacco advertising has increased significantly in tobacco 
retailers since the Master Settlement Agreement.32,33 The prevalence of cigarette promotions 
(e.g., multipack promotions, gift-with-purchase promotions, and cents-off promotions) and 
functional objects has also increased significantly in tobacco retailers.33 
 In 2001, Feighery and colleagues found that the average number of tobacco 
advertisements varies among different types of tobacco retailers.34 They found that liquor stores 
tend to have the greatest number of tobacco advertisements followed by small stores (e.g., small 
drug stores and markets) and convenience stores (e.g., including those that sold gasoline).34 
Other studies have found that retail outlets popular among youth, display three times the amount 
of exterior and interior tobacco marketing and reserve twice as much shelf space for Marlboro, 
Camel and Newport brand cigarettes, which are the brands that account for more than 80% of the 
cigarettes bought by youth.35,36 Taken together with estimates that75% of youth shop at a 
convenience store at least once a week and on average shop twice as long as adults,37,38 available 
data make it clear that youth and young adults experience disproportionate exposures to tobacco 
products and marketing.  
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 In 2011, the tobacco industry spent $8.37 billion on tobacco marketing nationwide.39 
These expenditures pay for traditional retail tobacco advertising (e.g., exterior/interior 
signage/advertisements and branded/non-branded functional items), price discount for consumers 
(e.g., “Buy two, get one free”), and retail promotional allowances (e.g., shelving and incentive 
payments to retailers for displaying cigarettes in prime locations, especially around the 
counter).39,40 The vast majority (83.6%) of these expenditures are price discounts paid to tobacco 
retailers to reduce the cost for consumers.39 
 The most common and influential form of tobacco marketing found within the retail 
environment is considered PoS  tobacco marketing.  By definition, PoS tobacco marketing is 
advertising created around “impulse purchasing” and designed to capture the consumer’s 
attention, especially at the place of payment usually a checkout counter. Approximately, 83% of 
the cigarette advertisements found in the retail environment are considered PoS tobacco 
marketing.34 PoS tobacco advertising and promotions is a sophisticated marketing strategy, 
which has emerged as the primary marketing approach to target youth.42,43 PoS tobacco 
marketing is thought to influence youth both cognitively and affectively by promoting the 
perceived benefits and positive attitudes of tobacco use related to, key concerns of youth, such as 
social approval, peer bonding, autonomy, self-image, and adventure seeking.44  
 A recent (2011) Cochrane Review concluded that exposure to PoS tobacco marketing is 
associated with the likelihood that youth will initiate cigarette smoking.44 Experimental studies 
have suggested that exposure to retail marketing distorts youths’ perceptions about the 
availability, use, and popularity of tobacco and these normative beliefs are precursors of 
smoking.45-49 Several empirical studies have linked retail tobacco marketing to youth smoking 
susceptibility.50-52 Youths who are exposed to weekly retail tobacco marketing are more likely to 
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experiment with smoking,53,54 and those who visit stores with tobacco advertising at least twice a 
week double their odds of initiating cigarette smoking.55 After controlling for school differences 
and other covariates, another study found that middle school students who were exposed to retail 
tobacco marketing at least once a week had a 50% increase in the likelihood of ever smoking, 
similar to the effects of having a parent or household member who smokes.53 PoS advertising is 
associated with youth experimentation and progression to regular smoking, with current youth 
smokers being the most influenced by promotional offers.56 
 Research and advocacy groups have worked to understand the potential benefits of 
controlling the number of tobacco retailers (e.g., tobacco retailer density) and its distance from 
youth spaces such as schools (e.g., proximity of tobacco retailers), with only limited success.35,63-
68 Importantly, Food and Drug Administration (FDA) rules prohibiting exterior tobacco 
advertising within 1,000 feet of schools and playgrounds was not included in the passage of the 
2009 Tobacco Control Act, 69 and was instead issued as part of an Advanced Notice of Proposed 
Rulemaking that has not yet been acted upon.70 The idea is that these approaches reduce 
exposure to tobacco marketing, as well as availability of products, and thus restricts youth access 
to tobacco products via commercial sources. This is supported by data showing that the density 
of tobacco retailers within an individual’s environment greatly influences tobacco availability 
and thus youth uptake.58,68 For example, Novak et al., (2006) found that the density of 
neighborhood tobacco retailers increases the odds of youth smoking by 20% even after 
controlling for neighborhood-level demographics or by propensity score strata.67 Overall, 
available evidence suggests that higher tobacco retailer density provides greater physical access 
to tobacco products because 1) it increases access by reducing travel distances and related search 
costs that consumers face, reducing their overall net cost associated with purchasing tobacco and 
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2) the overall price of tobacco products decreases in the presence of competition among 
retailers.58 This is magnified by the fact that neighborhoods with a higher concentration of 
tobacco retailers also tend to have a higher proportion of youth.67  
 Future research examining the links between the availability of retail tobacco and youth 
smoking must begin to distinguish between the effects of 1) tobacco retailer density across the 
study area and 2) the immediate proximity of tobacco retailers to youth. Few studies have 
systematically contrasted the inter-relationships between tobacco retailer density versus 
proximity to schools and thus youth smoking behaviors. Henriksen and colleagues, (2008) found 
that high schools in neighborhoods with the highest density of tobacco retailers (> 5 retailers) 
had an adjusted average current smoking prevalence 3.2% higher than schools in neighborhoods 
with lower densities.71 However, the distance from school to the nearest tobacco retailer was not 
associated with current smoking.71 Another study found that adolescent smokers in high schools 
with the greatest number of surrounding tobacco retailers were more likely to buy their own 
cigarettes than have someone else purchase them.64 A follow up study by Chan and Leatherdale, 
(2011) found that the number of tobacco retailers within a 1-km radius of youths’ schools was 
associated with non-smokers being more susceptible to future smoking.63 While a study among 
high school students by McCarthy et al., (2009) found a small relationship between tobacco 
retailer density within 1-mile surrounding schools and adolescent reported smoking initiation.66 
However, the authors did not find an association between tobacco retailer density and 
established/current smoking.66 Moreover, a recent study by Lipperman-Kreda et al., (2014) did 
not find an association between the distance from school to the nearest tobacco retailer and 
current smoking.65 Additionally, the authors also observed no association between tobacco 
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retailer density calculated by either a 0.75-mile or 1-mile radius buffers around schools and 
current smoking.65  
 Most research to date is school-centric, in that it focuses on the proximity of only one 
tobacco retailer per school and/or tobacco retailer density within some arbitrary distance around 
a school. Thus, this approach effectively ignores all outlets that do not happen to fall within the 
specified school boundaries, failing to capture youth access as it occurs across the whole retail 
tobacco environment. An alternative approach is to use tobacco retailers themselves as the unit 
of analysis, including both their proximity to schools and the range of other factors that vary 
between outlets. For example, a study conducted by our group found that each 100 meter 
decrease in proximity to high schools among tobacco retailers within predominate African-
American census block groups was associated with an increase in the likelihood of a youth 
tobacco sales violation.72 This is consistent with other data confirming that even though youth 
spend a majority of their time in or around schools, their homes and neighborhoods are also key 
environments for understanding youth tobacco use.73,74 Therefore, to understand how the retail 
tobacco environment affects youth smoking behaviors, it may be that research must focus on 
retail tobacco availability (e.g., density and/or proximity to) across the whole study area and not 
within defined arbitrary boundaries around specific youth spaces. 
 The primary purpose of this study is to understand the relationship between tobacco 
retailer density and tobacco retailers’ proximity to a public middle/high school among every 
tobacco outlet located within six counties of West Virginia. These counties are characterized by 
divergent levels of rurality, defined as either metropolitan (e.g., metro) or nonmetropolitan (e.g., 
nonmetro). The secondary aim of this study is to examine how tobacco retailer characteristics 
(e.g., metro/nonmetro status, store type, amount of exterior tobacco marketing, and cigarette 
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pack price) vary across levels of tobacco retailer density and proximity. A Kernel Density 
Estimation (KDE) approach assessed the accessibility of tobacco retailers within each county. 
This approach estimates the tobacco retailer density within the given radius for every grid cell 
(e.g., 30 meter) in the resulting density surface, which covers the extent of every tobacco retailer 
within each county. Street network-based distance from each tobacco retailer to the nearest 
public middle/high school determined the access (e.g., proximity) for each tobacco retailer in 
each county. Our main hypothesis is that tobacco retailer density will be positively associated 
with a tobacco retailer’s proximity to a public middle/high school, independent of the county’s 
metro/nonmetro status. While we additionally hypothesize that tobacco retailer characteristics 
will differ by levels of tobacco retailer density and proximity within metro and nonmetro 
counties of West Virginia. To our knowledge, this is the first study to examine the relationship 
between tobacco retailer density and proximity to public middle/high schools utilizing a retailer-
centric approach. Additionally, this study provides the ability to examine this relationship among 
metro and nonmetro tobacco retailers. While also being able to examine how specific store 
characteristics differ by levels of density and proximity.  
 
4.2 Methods 
4.2.1 Metro and Nonmetro West Virginia Counties 
 Three metro and three nonmetro counties were systematically selected from all counties 
(N=55) in West Virginia based on criteria for a future study. We selected metro and nonmetro 
counties based on: 1) metro/nonmetro status and 2) program evaluation data from a youth 
smoking cessation program disseminated in West Virginia (e.g., number of program offerings 
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and total number of participants). Only counties with program offering from 2008 - 2013 were 
considered for inclusion.   
 The U.S. Department of Agriculture, Economic Research Service’s 2003 rural-urban 
continuum codes classified each county as either metro or nonmetro.83 This categorization of 
rurality, distinguishes metro counties by the population size of their Metropolitan Statistical Area 
and nonmetro counties by their degree of urbanization (e.g., aggregate size of their urban 
population) and adjacency to a metro area(s).84 A metro county is adjacent if it physically adjoins 
one or more metro areas and has at least 2% of its employed work force commuting to a metro 
county.84 Based on these criteria, the resulting nine-part ordinal classification scheme subdivides 
metro and nonmetro categories into three metro and six nonmetro groups.84 Figure 4.1 identifies 
the location of the three metro counties (e.g., Lincoln, Ohio, Monongalia) and three nonmetro 


















4.2.2 Tobacco Retailer Data 
 Tobacco retailers within each of the three metro and nonmetro West Virginia counties 
were identified using North American Industry Classification System (NAICS) codes. 
Developed by the Office of Management and Budget, NAICS is the standard used by Federal 
statistical agencies to classify the primary activity of all business establishments.94 For each of 
the six West Virginia counties, 2012 NAICS geocoded data was obtained from the NAICS 
Association’s U.S. Business Directory.95 The following retail categories and corresponding 
NAICS codes were included: supermarkets and other grocery stores (NAICS: 445110); 
convenience stores (NAICS: 445120); beer, wine and liquor stores (NAICS: 445310); 
pharmacies and drug stores (NAICS: 446110); gasoline stations with convenience stores 
(NAICS: 447110); other gasoline stations (NAICS: 447190); and tobacco stores (NAICS: 
453991). The final NAICS dataset included 354 retail outlets that potentially sold tobacco.  
 To ensure the comprehensiveness of the NAICS dataset, a trained field worker visited 
each retail outlet between August, 2013 – November, 2013 and assessed whether the outlet 1) 
sell tobacco; 2) was name correctly; and 3) was geocoded accurately. Retail outlets that did not 
sale tobacco, or were no longer in business, or were a proprietor’s home address were excluded 
(N = 155) from the final tobacco retailer dataset. To ensure the spatial accuracy of each tobacco 
retailer, during each visit, the field worker would verify the outlet’s geocoded location utilizing 
the GIS Pro iPad application.96 Utilizing the aerial imagery in this application, the field worker 
would correct the location of any tobacco retailers that were inaccurately geocoded. To correct or 
“orthorectify” an outlet, the field worker would move the outlet’s point location to the outlet’s 
rooftop on the aerial image, which would update the outlet’s GPS coordinates (e.g., latitude and 
longitude) automatically. Field workers orthorectified (N=127) tobacco retailers. While field 
67 
 
validating the original NAICS dataset, field workers renamed 54 outlets and identified 77 
additional tobacco retailers matching the NAICS categories above that were not included in the 
original dataset. For each of the field identified tobacco retailers, the field worker would record 
the store’s name, GPS coordinates (e.g., latitude and longitude), and NAICS category to add the 
outlet to the final tobacco retailer dataset. An additional web search provided the retailer’s 
address and telephone number. The final comprehensive tobacco retailer dataset contained 276 
retail outlets.   
 Each field worker also collected additional tobacco marketing measures within each 
tobacco retailer. Field workers quantified the amount of exterior tobacco marketing (e.g., 
branded and non-branded signage, advertisements and functional items) for each outlet utilizing 
a hand counter. To ensure the reliability of this measurement, the field worker counted the total 
amount of exterior tobacco marketing multiple times. Once concordance was observed between 
two consecutive counts, the measurement was assumed reliable. Lastly, the field worker 
recorded the lowest observed pack price for regular- and menthol-flavored cigarettes within each 
tobacco retailer.  
 
4.2.3 School Data 
 For each of the six counties, school data (e.g., school type, school name, grade levels, 
county, street address, and telephone number) was obtained from the West Virginia’s 
Department of Education’s School Directory website.97 Only public middle/high schools (e.g., 
any public school with grade levels ≥ 6th grade) were included in this study. Middle/high school 
addresses were batch geocoded using the World geocoding services in Esri’s ArcGIS for 
Desktop Advanced version 10.2 software.98 Similarly, to ensure the spatial accuracy of the batch 
68 
 
geocoded school addresses, each school was rooftop orthorectified using ArcGIS aerial imagery 
using the same process as tobacco retailers. The final school dataset contained 33 public 
middle/high schools. 
 
4.2.4 Tobacco Retailer Density 
 For each county, a density surface of tobacco retailers was generated using kernel density 
estimation (KDE). To examine the availability of tobacco retailers (e.g., retail tobacco access) 
across each county, we used a static bandwidth KDE approach. This non-parametric method 
extrapolates point location data over a study area by calculating the density of the points using a 
specified bandwidth (e.g., a circle of a given radius centered at the focal point location) and 
results in a smooth, continuous density surface where every location (i.e., every 30 meter pixel) 
in the study area has an assigned density value.99 A recent national study examining individuals’ 
access to retail outlets provided the basis for the static bandwidth used in this KDE analysis.100 
This previous study optimized the static bandwidth used in their KDE analysis by constructing 
various density surfaces utilizing an array of distance-based bandwidths.100 Bandwidth selection 
(e.g., 5-mile bandwidth) was based on the density surface that optimized the kurtosis of the 
density surface (e.g., not too peaked or too smoothed), given the underlying point distribution of 
tobacco retailers.100 The spatial analyst density toolset in ArcGIS generated the density surface of 
tobacco retailers within each county. To produce the density surface of tobacco retailers within 
each county in ArcGIS, a Gaussian kernel with an empirically validated “optimized” fixed 5-
mile bandwidth was used. The resulting density surfaces had a cell size of 30 meters. The density 
value for the location of each outlet was determined from the density surface of tobacco retailers 
using the spatial analyst extraction toolset in ArcGIS.       
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4.2.5 Tobacco Retailer Proximity to Public Middle/High Schools 
 Esri’s street network data linked the location of every tobacco retailer and public 
middle/high school in each county, allowing us to calculate proximity based on the “network 
route” extending from each tobacco retailer to the nearest public middle/high school. Because 
proximity was based on the existing street network, each network route defines the area through 
which a youth would gain walkable access to each outlet. Each outlet’s proximity was calculated 
to the nearest public middle/high school in miles utilizing a closest facility analysis in the 
network analysts extension of ArcGIS. To properly measure the walking distance from each 
outlet to the nearest public middle/high school, all street network restrictions were removed (e.g., 
one-way streets and  non-routable roads). 
 
4.2.6 Statistical Analyses 
 Summary statistics were conducted on all study variables, such as: metro status, county, 
store type, lowest pack price, lowest menthol pack price, total exterior tobacco marketing, 
tobacco retailer density, and proximity to nearest school. Due to positive skewness, the 
distributions of the density of tobacco retailers and proximity to nearest school required 
transformations. Transforming each variable into an ordinal, four-level factor; normalized the 
distribution for each variable. Among the overall sample and within metro and nonmetro 
subsamples, Chi-square tests and sieve diagrams evaluated the independence between the 
observed levels of tobacco retailer density and proximity. Three-way fixed-effect ANOVA 
models and interaction plots assessed the effects and interactions of proximity – density groups, 
metro status, and store type on various tobacco retailer characteristics (e.g., exterior tobacco 
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marketing, non-menthol pack price, and menthol pack price). Multiple comparisons tests 
utilizing Tukey’s Honest Significant Difference assessed any significant group differences. 
 
4.3 Results 
4.3.1 Tobacco Retailer Characteristics  
 Overall, there was an average of 46 tobacco retailers (SD = 14.42) per county. Table 4.1 
provides a summary of the tobacco retailers within each metro and nonmetro county. 
Convenience stores (40.22%) were the most common type of tobacco retailer; followed by 
supermarkets/grocery stores (24.28%) and other gasoline stations (16.3%). Each county also 
observed this similar pattern. Within metro and nonmetro counties, there were 142 (Mean = 
47.33, SD = 18.41) and 134 (Mean = 44.67, SD = 8.58) tobacco retailers respectively. Among 
tobacco retailers, the average proximity to the nearest school was approximately 3 miles. On 
average, metro tobacco retailers were located closer to a school (Mean = 2.51, SD =3.51) than 
nonmetro tobacco retailers (Mean = 3.51, SD = 2.57). Each tobacco retailer had an average outlet 
density of 0.57 retailers per square mile. Among counties, the average density of tobacco 
retailers ranged from 0.16 retailers per square mile in Lincoln County to 1.04 retailers per square 
mile in Monongalia County. Metro and nonmetro tobacco retailers had an average density of 
0.79 and 0.33 retailers per square mile respectively. Overall, field inspectors observed 2,913 
(Mean = 10.55, SD = 13.33) pieces of exterior tobacco marketing. The amount of exterior 
tobacco marketing ranged from zero to 75 pieces per store. Among metro and nonmetro tobacco 
retailers, there was 1,719 (Mean = 12.11, SD = 14.88) and 1,194 (Mean = 8.91, SD = 11.23) total 
pieces of tobacco marketing respectively. The average lowest pack price for non-menthol (Mean 
= $3.29, SD = $0.29) and menthol (Mean = $3.30, SD = $0.30) flavored cigarettes were almost 
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identical. The average difference in price between metro (Mean = $3.26, SD = $0.30) and 
nonmetro (Mean = $3.31, SD = $0.27) tobacco retailers for a pack of non-menthol cigarettes was 
$0.05. While a $0.06, difference existed between metro (Mean = $3.27, SD = $0.31) and 
nonmetro (Mean = $3.33, SD = $0.28) tobacco retailers for a pack of menthol flavored 
cigarettes. Because of the similarities in the pack price of non-menthol and menthol flavored 
cigarettes, our results only focus on the pack price for non-menthol flavored cigarettes. 












     
 
  







Table 4.1: Summary of Tobacco Retailers within Metro and Nonmetro West Virginia Study Counties                 
 Metro Counties  Nonmetro Counties    
 Monongalia  Ohio  Lincoln  Randolph  Fayette  Greenbrier  Overall 
NAICS Description N  (%)   N  (%)   N  (%)   N  (%)   N  (%)   N  (%)   N  (%) 
Beer, Wine, Liquor Stores 2 (2.9)  4 (8.2)  0 (0)  0 (0)  2 (3.64)  1 (2.22)  9 (3.26) 
Convenience Stores 28 (40.58)  12 (24.5)  11 (45.83)  11 (32.35)  28 (50.91)  21 (46.67)  111 (40.22) 
Other Gasoline Stations 9 (13.04)  13 (26.5)  1 (4.17)  10 (29.41)  5 (9.09)  7 (15.56)  45 (16.3) 
Pharmacies & Drug Stores 6 (8.7)  4 (8.2)  2 (8.33)  3 (8.82)  6 (10.91)  4 (8.89)  25 (9.06) 
Supermarkets & Grocery Stores 19 (27.54)  9 (18.4)  8 (33.33)  8 (23.53)  12 (21.82)  11 (24.44)  67 (24.28) 
Tobacco Stores 5 (7.25)   7 (14.2)   2 (8.33)   2 (5.88)   2 (3.64)   1 (2.22)   19 (6.88) 




4.3.2 Tobacco Retailer Density and Proximity 
 A Chi-square test of independence was performed to examine the relationship between 
levels of tobacco retailer proximity to school groups (e.g., Less than or equal to 1-mile; 1 – 2 
miles; 2-5 miles; Greater than 5 miles) and quintile levels of tobacco retailer density. The 
relationship between these variables was significant, Chi-square = 116.54, p-value < 0.001. A 
sieve diagram explored the frequencies and pattern of association between the proximity and 
density classes. (Figure 4.2) The overall pattern of association supports our main hypothesis, in 
that as tobacco retailer’s proximity to school decreases the overall tobacco retailer density 
increases. Over 70% of tobacco retailers (N = 198) observed the hypothesized pattern of 
association. However, the pattern of association was not observed within 78 tobacco retailers. 
Among these tobacco retailers, 58% (N = 45) had a proximity to school distance of less than 2 
miles, but were located in areas were tobacco retailer density was the lowest. Additionally, 42% 
(N = 33) of those 78 tobacco retailers, had a proximity to school distance of greater than 2 miles 












Figure 4.2: Frequency of Tobacco Retailers within Proximity and Density Levels    
 
Note: The sieve diagram (Above), illustrates the pattern of association (e.g., blue-shaded cells) between the 
proximity and density levels among tobacco retailers. The value in each cell represents the total number of tobacco 








 Based on these findings, we decided to reexamine the relationship between these 
proximity and density levels, but within metro and nonmetro subsamples. Due to small cell size, 
there was not enough data to perform Chi-square tests. However, the sieve diagram for each 
subsample still allows for the examination of the overall pattern of association between the 
proximity and density levels of metro and nonmetro tobacco retailers. (Figure 4.3) Among metro 
tobacco retailers, the pattern of association between the proximity and density levels does not 
reflect the overall pattern. Within the metro sieve plot, we see no difference between density 
levels as tobacco retailer’s proximity to a school increases (e.g., greater than 2 miles). As 
expected, tobacco retailer density overall was lower among nonmetro tobacco retailers, but the 
overall pattern of association resembles our hypothesized pattern still.    
 Because of the dependent relationship that existed between the original proximity and 
density categories, we dichotomized proximity and density. A 1-mile network route distance 
determined the final proximity category for each retailer. While the final density group for each 
retailer was determined by, the median split of tobacco retailer density. Subsequent analyses 
utilize the following proximity – density groups: Close Proximity – Low Density, Close 
Proximity – High Density, Far Proximity – Low Density, and Far Proximity – High Density. 
Among tobacco retailer characteristics, the average number of exterior tobacco marketing items 
and the average pack price of cigarettes did not differ between proximity – density groups. 
 
 







Figure 4.3: Frequency of Metropolitan and Nonmetropolitan Tobacco Retailers within Proximity and Density Levels
 
Note: The sieve diagram (Above), illustrates the pattern of association (e.g., blue-shaded cells) between the proximity and density levels among  metropolitan 
(Left) and Nonmetropolitan (Right) tobacco retailers. The value in each cell represents the total number of tobacco retailers within that cell. If any rows or 




4.3.3 Tobacco Retailer Proximity – Density Groups and Store Characteristics     
 Three-way fixed-effect ANOVA models and interaction plots assessed the effects and 
interactions of proximity – density groups, metro status, and store type on various tobacco 
retailer characteristics (e.g., exterior tobacco marketing, non-menthol pack price, and menthol 
pack price). We discuss the results for only exterior tobacco marketing and non-menthol pack 
price below. Additionally, for comparative purposes, we reclassified each tobacco retailer into 
one of three store types: 1) pharmacies, 2) tobacco stores, or 3) other stores (e.g., beer and liquor 
outlets, convenience stores, gas stations, and supermarkets). Table 4.2 shows the results of the 
three-way fixed effects ANOVA for exterior tobacco marketing. A significant two-way 
interaction (F(6, 254) = 3.528, p-value < 0.01) existed between proximity – density groups and 
store type. To explore this interaction we plotted the mean of exterior tobacco marketing across 
the two- way combinations of factors (e.g., proximity – density groups and store type). (Figure 
4.4) Among all tobacco retailers, the two-way interaction plot of exterior tobacco marketing 
shows that tobacco stores within a close proximity to a school and in areas of lower tobacco 
retailer density have on average 3 times more exterior tobacco marketing than other store types. 
However, when tobacco density is higher, there is no difference in the average number of 
exterior tobacco marketing items between tobacco stores and other stores relative to their close 











Table 4.2: Results of 3-way ANOVA for Exterior Tobacco Marketing  
Effects    Df     Sum of Squares     Mean Square    
F 
value     P value    
Proximity - Density Groups  3  988  329.4  2.205  0.08799  
Metro Status  1  268  268  1.793  0.1817  
Store Type  2  5871  2935.4  19.647  1.70E-08 *** 
Proximity - Density Groups : Metro Status  3  678  226  1.512  0.21178  
Proximity - Density Groups : Store Type  6  3163  527.2  3.528  0.00226 ** 
Metro Status : Store Type  2  95  47.5  0.318  0.72797  
Proximity - Density Groups : Metro Status : Store Type  4  28  6.9  0.046  0.99592  
Residuals   254   37950   149.4           




Figure 4.4: Proximity – Density Groups and Store Type Interaction Plot of Exterior Tobacco Marketing 
 
Proximity and Density Groups:  Close Proximity – Low Density (CP/LD); Close Proximity – High Density (CP/HD); Far Proximity – Low Density (FP/LD); 
Far Proximity – High Density (FP/HD) 
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 Table 4.3 shows the results of the three-way fixed effects ANOVA for non-menthol pack 
price. The 3-way interaction between proximity – density groups, metro status, and store type on 
non-menthol pack price was significant, F(4, 254) = 5.593, p-value < 0.001. To visualize the 
three-way interaction, we subsampled the data by metro status and then created two (e.g., metro 
and nonmetro), two-way interaction plots of the mean non-menthol pack price across proximity – 
density groups and store types. (Figure 4.5 and 4.6) Among metro tobacco retailers, the two-way 
interaction plot shows that the average cost of a pack of non-menthol cigarettes in pharmacies is 
on average more expensive than any other store type. (Figure 4.5) Additionally, the average cost 
of a pack of non-menthol cigarettes increases as the distance from a school increases. However, 
the average pack price of non-menthol cigarettes decreases in tobacco stores and other stores as 
proximity increases, given relative levels of density. This finding illustrates that density alone 
does not affect the price of cigarettes, but rather is a function of density and proximity. 
Interestingly, the average pack price of non-menthol cigarettes did not differ between store types 
within the Close Proximity – High Density group. The nonmetro two-way interaction plot of the 
average pack price of non-menthol cigarettes across proximity – density groups and store types 
showed the same overall effects as the metro two-way plot. (Figure 4.6) For example, the 
average pack price for non-menthol cigarettes in pharmacies was higher than the other store 
types across all proximity – density groups. Additionally, nonmetro pharmacies and tobacco 
stores observed the similar metro proximity effect (e.g., given relative levels of density, price 
decreases as distance increases) for the average pack price of non-menthol cigarettes. However, 
among nonmetro other store types, this effect was reversed (e.g., given relative levels of density, 







Table 4.3: Results of 3-way ANOVA for Non-Menthol Pack Price  
Effects    Df     Sum of Squares     Mean Square    
F 
value     P value    
Proximity - Density Groups  3  0.626  0.2086  2.98  0.032033 * 
Metro Status  1  0.009  0.0087  0.125  0.724378  
Store Type  2  2.165  1.0827  15.467  4.59E-07 *** 
Proximity - Density Groups : Metro Status  3  0.218  0.0726  1.037  0.376651  
Proximity - Density Groups : Store Type  6  0.139  0.0231  0.331  0.92053  
Metro Status : Store Type  2  0.045  0.0226  0.324  0.723894  
Proximity - Density Groups : Metro Status : Store Type  4  1.566  0.3915  5.593  0.000249 *** 
Residuals   254   17.78   0.07           





Figure 4.5: Proximity – Density Groups and Store Type Interaction Plot of Metropolitan Non-Menthol Pack Price  
 
Proximity and Density Groups:  Close Proximity – Low Density (CP/LD); Close Proximity – High Density (CP/HD); Far Proximity – Low Density (FP/LD); 








Figure 4.6: Proximity – Density Groups and Store Type Interaction Plot of Nonmetropolitan Non-Menthol Pack Price 
 
Proximity and Density Groups:  Close Proximity – Low Density (CP/LD); Close Proximity – High Density (CP/HD); Far Proximity – Low Density (FP/LD); 





 Numerous school-centric studies have examined the relationship between tobacco retailer 
density and proximity to schools on youth smoking behaviors.35,63-68 However, these studies fail 
to capture youth access (e.g., density and proximity to) as it occurs across the whole retail 
tobacco environment. By study design, they effectively ignore all outlets that do not fall within 
their specified school boundaries. The current study addresses this limitation by utilizing tobacco 
retailers themselves as the unit of analysis. Additionally, utilizing retailers as the unit of analysis 
increases our study’s statistical power. The current study also used a novel approach (e.g., KDE) 
to examine the overall access to retail tobacco (e.g., tobacco retailer density).99 Likewise, the 
current study utilized street networks to assess the proximity from each tobacco retailer to the 
nearest school. This method improves upon current radius-based proximity approaches by 
measuring proximity along the network routes in which youth would gain walkable access retail 
tobacco. 
 This retailer-centric approach identified the significant relationship between tobacco 
retailer density and tobacco retailers’ proximity to schools. In terms of retailer characteristics, 
exterior tobacco marketing significantly differed by the interaction between proximity – density 
groups and store type. Tobacco stores on average had more exterior tobacco marketing than 
other store types in lower density tobacco retailers’ close to schools. However, these store types 
displayed similar amounts of exterior tobacco marketing when tobacco retailer density and 
distance to schools was the highest. Among tobacco retailers farthest from schools, the average 
amount of exterior tobacco marketing increased when levels of tobacco retailer density 
increased. Meanwhile, the average pack price of non-menthol cigarettes significantly differed by 
the interaction between proximity – density groups, metro status, and store type. The average 
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pack price for non-menthol cigarettes was roughly the same price across all types of metro 
tobacco retailers when proximity to schools was the closest and tobacco retailer density was the 
highest. The metro (Figure 4.5) and nonmetro (Figure 4.6) interaction plots both show that as 
tobacco retailer density increases the overall price of cigarettes decreases. However, this 
association is also a function of proximity given relative levels of density. For example, the 
average pack price for non-menthol cigarettes in metro tobacco stores and other store types 
located in high-density areas decreases as the distance from schools increases. Nonmetro tobacco 
stores also observed this same proximity pattern in the average pack price of non-menthol 
cigarettes. This finding suggests that farther proximity from schools and higher tobacco retailer 
density reduces the cost of tobacco products for youths, thus increasing their access to retail 
tobacco. However, this finding confirms previous substance abuse findings,73,74 in that, the 
school, home, and neighborhood environments are all crucial in understanding youth tobacco 
use.  
 There are some strengths and limitations to these findings. The major limitation of this 
study is its cross-sectional design. Therefore, inferences regarding the direct impact of the effects 
of proximity – density groups and store type on tobacco retailer exterior tobacco marketing, as 
well as, the effects of proximity – density groups, metro status, and store type on pack price of 
non-menthol cigarettes cannot be determined. Additionally, we did not include all possible 
tobacco retailers due to the categorization of NAICS data used to identify potential tobacco 
retailers. For example, some department and discount department stores (e.g., Wal-Mart, Costco, 
Family Dollar, and Dollar Tree) may be tobacco retailers. However, the strength of field-
validating identified retailers to determine whether the retailer sold tobacco increased the 
reliability of the tobacco retailer dataset. While adding missing retailers matching the selected 
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NAICS descriptions that sold tobacco ensured the comprehensiveness of the tobacco retailer 
dataset. In addition, ortho-rectifying the location of tobacco retailers and schools enhanced the 
overall spatial accuracy of both datasets.  
 Overall, this is the first study to examine the inter-relationships between tobacco retailer 
density versus proximity to schools and thus youth smoking behaviors utilizing a retailer-centric 
approach. This study also used appropriate methods to assess tobacco retailer density (e.g., KDE) 
and tobacco retailers’ proximity to schools (e.g., network routes). Additionally, a significant 
relationship between increasing levels of tobacco retailer density and tobacco retailer proximity 
to schools confirmed our study’s main hypothesis. We also found significant interactions 
between proximity – density groups and store types and different retailer characteristics. 
Furthermore, we found that the pack price of non-menthol cigarettes decreases as a function of 
proximity given relative levels of density. Therefore, based on the rationale and findings from 
the current study, policies that restrict the availability of retail tobacco via commercial sources 
(e.g., zoning restrictions and regulations) or that reduce the exposure to PoS tobacco marketing 
(e.g., prohibiting exterior marketing around schools and playgrounds) could prove beneficial in 









 The goal of this dissertation was to reduce tobacco-related heath disparities. Specifically, 
we utilized three interconnected studies to 1) identify those rural areas disproportionately 
affected by tobacco use; 2) assess the accessibility of retail tobacco around schools; and 3) 
contrast the inter-relationships between tobacco retailer density surrounding schools and tobacco 
retailers’ proximity to school. Study 1 utilized a novel approach to estimate county-level adult 
cigarette smoking prevalence from publically available state surveillance data. The findings from 
the current study complement the findings from a recent study that utilized suppressed 
surveillance data from the CDC to estimate annual cigarette smoking prevalence for U.S. 
counties.88 Additionally, the  threshold (e.g., ≥ 50 smokers) used to determine whether the final 
BRFSS weight was used to estimate a county’s smoking prevalence is similar to the minimum 
sample size used by the Robert Wood Johnson Foundation’s County Health Ranking and 
Roadmaps project.106 Furthermore, for those counties with small sample sizes of smokers (e.g., 
1-49 smokers) utilized a spatial empirical Bayes smoothing approach to normalize (e.g., smooth) 
local county prevalence estimates by averaging across the local estimates within its 
neighborhood structure (e.g., k = 8 nearest neighbors). Therefore, the novel approach used in 
Study 1 to estimate county-level smoking prevalence appears to be a valid method to estimate 
county-level current adult smoking prevalence using publically available data.   
Study 1 was also successful in identifying those specific rural areas disproportionately 
affected by tobacco use. While research has identified rural populations as a key population 
regarding tobacco-related health disparities,16-18,21-23 no study to date has identified where those 
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specific rural populations exists. Current state-based surveillance systems are unable to visualize 
these regional disparities, because tobacco-related health disparities transect their boundaries. 
Therefore, current surveillance efforts should focus on the smallest geographic scale possible 
when identifying “where” tobacco-related health disparities occur. The ESDA, in Study 1, 
enhances current tobacco control surveillance approaches by utilizing county-level smoking 
prevalence estimates constructed from state-level surveillance data, which provides the ESDA 
the ability to answer the “where” question. Besides identifying those rural populations of concern 
(e.g., high rurality – high smoking), the ESDA also identifies where significant atypical 
observations (e.g., spatial outliers) exist and these clusters prove to be the most intriguing finding 
from the current ESDA. For example, what factors are inhibiting tobacco use within rural 
communities with significantly lower rates of smoking than would be expected given their rural 
nature? Is this a result of socioeconomic and/or cultural factors, which can be seen in the spatial 
outliers of the Pacific Northwest; or is it a result of tobacco-control regulations and/or polices, 
such as those found in California. Since, each rural population has a specific combination of 
factors that influence tobacco use,19 state-based assumptions that generalize rural tobacco-related 
health disparities overlook the specific factors contributing to the tobacco-related health 
disparities within each rural population. Therefore, to reduce tobacco-related health disparities 
within the specific rural populations acknowledged in Study 1, future research must focus on 
understanding “what” regional factors are contributing to the tobacco-related health disparities 
within these specific rural populations. Once these factors have been evaluated, tobacco control 
experts can begin to develop, and then implement, tailored tobacco control initiatives and/or 




Study 2 utilizes a novel approach to examine the accessibility (e.g., tobacco retailer 
density) of retail tobacco surrounding schools. While previous studies have assessed tobacco 
retailer density around schools,43,64,71 the density approach used in these studies (e.g., counting 
the number of tobacco retailers within an arbitrary boundary around each school) does not 
measure the overall access of tobacco retailers across the overall study area. By study design, 
these studies effectively ignore all outlets that do not fall within their specified boundaries. The 
current study addresses this limitation by utilizing tobacco retailers themselves as the unit of 
analysis. Therefore, the weighted KDE approach used in Study 2 assesses a school’s accessibility 
to retail tobacco across whole study area. Evaluating tobacco retailer density across the whole 
study area is important, because even though youth spend a majority of their time in school, their 
homes and neighborhoods are also key environments for understanding youth tobacco use.73,74 
Furthermore, utilizing a weighted KDE approach also advances the literature on density 
approaches, by weighting each tobacco retailer based on its amount of exterior tobacco 
marketing provides this study the ability to assess a school’s accessibility to “influential” tobacco 
retailers. To date, no other study has examined tobacco retailer density while accounting for 
tobacco marketing within its estimates.  
In Study 2, the tobacco retailer density surface in each county took on either a 
monocentric or polycentric urban pattern, which was dependent on the underlying built 
environment structure found in each county. However the observed urban pattern in each county 
was found to be independent of its metropolitan/nonmetropolitan status. Overall, the resulting 
tobacco retailer density surface in each county aligned with findings from a national report on 
the PoS of tobacco.104 The report concluded that tobacco retailer density is highly correlated with 
population density and tobacco retailers are frequently clustered together based on the built 
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environment, which provides the rationale of the tobacco retailer density hot spots seen in each 
county.104 Additionally, Study 2 successfully examined the spatial association between the 
locations of tobacco retailers and schools. In each county, findings suggest a significant spatial 
interaction (e.g., tend to occur together) exists between these locations. These findings though, 
could have been confounded by the underlying structure of the built environment or by the 
county’s population density. For example, based on the same rationale used above for tobacco 
retailers, the location of schools could be highly correlated with population density and their 
locations could be clustered within the underlying built environment. Therefore, the observed 
spatial interaction between the locations of tobacco retailers and schools could be an artifact of 
each county’s built environment.  
 Study 3 utilized a retailer-centric approach to successfully contrast the inter-relationships 
between tobacco retailer density surrounding schools and tobacco retailers’ proximity to school. 
Few studies have systematically contrasted the inter-relationships between tobacco retailer 
density versus proximity to schools and thus smoking behaviors.63-66,71 However, these school-
centric studies only focus on the proximity of only one tobacco retailer per school and/or tobacco 
retailer density within some arbitrary distance around a school. Thus, this approach fails to 
capture youth access as it occurs across the whole retail tobacco environment, because it ignores 
all tobacco retailers that do not constrain to the arbitrary defined boundary. Study 3 also assesses 
tobacco retailer density and tobacco retailers’ proximity to schools utilizing approaches that 
address limitations found in school-centric approaches.  For example, Study 3 utilizes a similar 
density approach (e.g., KDE) as Study 2 to assess the availability of retail tobacco around 
schools. Additionally, this study used street network data to calculate proximity, which improves 
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upon current radius-based proximity by measuring proximity along the “network routes” in 
which youth would gain walkable access to retail tobacco. 
 Study 3 also identified a significant relationship between tobacco retailer density and 
tobacco retailers’ proximity to schools (e.g., as tobacco retailer density increases the proximity to 
a school decreases). Based on this finding, Study 3 then examined the effects of proximity – 
density groups on tobacco retailer characteristics (e.g., exterior tobacco marketing and non-
menthol pack price). Based on the findings, exterior tobacco marketing significantly differed by 
the interaction effect between proximity – density groups and store type. Specifically, tobacco 
stores on average displayed more exterior tobacco marketing that any other store type in lower 
density tobacco retailers’ close to schools. However, tobacco retailers’ closest to schools 
displayed similar amounts of exterior tobacco marketing when tobacco retailer density was the 
highest and this finding was independent of store type. Meanwhile, the average pack price of 
non-menthol cigarettes significantly differed by the interaction between proximity – density 
groups, metro status, and store type. The metro (Figure 4.5) and nonmetro (4.6) interaction plots 
both show that as tobacco retailer density increases the overall price of cigarettes decreases. 
However, this association is also a function of proximity given relative levels of density. For 
example, the average pack price for non-menthol cigarettes in metro tobacco stores and other 
store types located in high-density areas decreases as the distance from schools increases. 
Nonmetro tobacco stores also observed this same proximity pattern in the average pack price of 
non-menthol cigarettes. This finding suggests that farther proximity from schools and higher 
tobacco retailer density reduces the cost of tobacco products for youths, thus increasing their 
access to retail tobacco. Based on these findings, tobacco retailers closest to schools rely more on 
tobacco marketing then price to target youth. However, the current study does not account for 
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price discounts (e.g., “Buy two, get on free”), which account for a vast majority of tobacco 
marketing expenditures.39 Therefore, even though the individual pack price might be on average 
$0.10 higher in those tobacco retailers’ closet to schools, the overall net price might be lower if 
these retailers rely more on price discounts to target youth. However, this finding confirms 
previous substance abuse findings,73,74 in that, the school, home, and neighborhood environments 
are all crucial in understanding youth tobacco use.            
 
5.2 Significance 
The significance of the current work is determined by its implications for future health 
policies. The findings from Study 1 can help guide and inform health policy decisions by 
providing policymakers with the ability to target their resources those rural populations 
disproportionately affected by tobacco-related health disparities. Given the current economy, 
states have reduced their spending, which has caused tobacco control resources (e.g., funding) to 
be limited. Currently, 40 states and the District of Columbia fail to fund their tobacco prevention 
and cessation programs at even 50 percent of the CDC-recommended level.107 Therefore, being 
able to specifically target resources to those rural populations disproportionately affected by 
tobacco use, increases the effectiveness of the resources spent to reduce rural tobacco-related 
health disparities. 
The significance of Study 2 and Study 3 will be examined together since both inform 
policy implications for the retail tobacco environment. Despite the new regulatory authority 
clarified by the Tobacco Control Act,69 policy activity regarding the retail tobacco environment 
remains limited. Study 2 and Study 3 provide policy implications in the areas of tobacco retailer 
licensing, tobacco retailer density, and PoS advertising. Tobacco retailer licensing relies on the 
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simple concept that retailers selling tobacco products must comply with federal regulations and 
state laws or risk losing the privilege of selling these products.108 Currently, the FDA conducts 
compliance check inspections of tobacco retailers to determine their compliance with federal 
regulations.109 If a tobacco retailer is found to be in violation of any federal regulation they are 
issued a warning letter (e.g., first offense), with subsequent violations resulting in civil money 
penalties.109 However, tobacco retailer licensing policies can only be effective if a state requires 
licensing. Currently, West Virginia does not require tobacco retailer licensing, even though, the 
FDA has been conducting tobacco retailer compliance checks in West Virginia since 2011.  
In terms of tobacco retailer density, research and advocacy groups have worked to 
understand the potential benefits of controlling the number of tobacco retailers (e.g., tobacco 
retailer density) and its distance from youth spaces (e.g., proximity of tobacco retailers), with 
only limited success.35,63-68 Therefore, these approaches aim to reduce the availability of products 
and thus restrict youth access to tobacco products via commercial sources. This is supported by 
data showing that the density of tobacco retailers within an individual’s environment greatly 
influences tobacco availability and thus youth uptake.58,68 Therefore, based on the findings from 
Study 2 and Study 3, policies that would 1) prohibit tobacco sales in locations youth frequent 
(e.g., near schools or parks); 2) restrict retailers operating within a certain distance of other 
tobacco retailers; and 3) restrict tobacco retailers into certain zones (e.g., banning tobacco 
retailers in residential zones) would reduce youth smoking behaviors, because the accessibility of 
retail tobacco would be restricted and/or prohibited  in spaces where youth frequented.   
In regards to PoS advertising, the Food and Drug Administration (FDA) rules prohibiting 
exterior tobacco advertising within 1,000 feet of schools and playgrounds was not included in the 
passage of the 2009 Tobacco Control Act,69 and was instead issued as part of an Advanced 
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Notice of Proposed Rulemaking that has not yet been acted upon.70 Therefore, based on the 
findings from Study 2 and Study 3, PoS advertising policies that would 1) limit the placement of 
advertisements at certain store locations (e.g., 1,000 feet of schools); 2) limit the placement of 
outdoor store advertisements; and 3) limit the manner of outdoor retail advertising would reduce 
youths’ exposures to tobacco marketing, thus reducing youth smoking behaviors. Overall, there 
are numerous policy implications for the retail tobacco environment. Even though current 
policies are limited, these potential policies could prove beneficial in reducing tobacco-related 
health disparities in the U.S.     
 
5.3 Strengths and Weaknesses 
 Overall, the major limitation of each of each study is its cross-sectional design. 
Therefore, in Study 1 we cannot conclude that a county’s level of rurality causes the county’s 
adult population to smoke. Additionally, while the descriptive nature of the tobacco retailer 
density in each county, in Study 2, provides insight into the access of tobacco around each 
school, inferences regarding the direct impact of tobacco accessibility on schools cannot be 
determined. Lastly, in Study 3, inferences regarding the direct impact of the effects of proximity 
– density groups, metro status, and store type on tobacco retailer characteristics (e.g., exterior 
tobacco marketing and non-menthol pack price) cannot be determined.  
 In regards to the limitations of the data used in this dissertation, Study 1 utilized 
publically available CDC BRFSS data to estimate county-level adult smoking prevalence. Since 
BRFSS is state-based surveillance system, disaggregating the data down to the county-level 
results in small sample sizes. Additionally, because Study 1 used publically available data, any 
data that was initially suppressed to de-identify individuals is missing. However, the final 
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county-level adult smoking prevalence estimates were found to complement the findings from a 
recent study that utilized suppressed surveillance data from the CDC to estimate annual cigarette 
smoking prevalence for U.S. counties.88 Additionally, the  threshold (e.g., ≥ 50 smokers) used to 
determine whether the final BRFSS weight was used to estimate a county’s smoking prevalence 
is similar to the minimum sample size used by the Robert Wood Johnson Foundation’s County 
Health Ranking and Roadmaps project.106 Furthermore, for those counties with small sample 
sizes of smokers (e.g., 1-49 smokers) utilized a spatial empirical Bayes smoothing approach to 
normalize (e.g., smooth) local county prevalence estimates by averaging across the local 
estimates within its neighborhood structure (e.g., k = 8 nearest neighbors). Therefore, the county-
level smoking prevalence estimates used in Study 1 appear to be a valid. 
 Additionally, Study 2 and Study 3 did not include all possible tobacco retailers. This 
limitation was due the categorization of the NAICS data used to identify potential tobacco 
retailers. For example, some department and discount department stores (e.g., Wal-Mart, Costco, 
Family Dollar, and Dollar Tree) may be tobacco retailers. However, the strength of field-
validating identified retailers to determine whether the retailer sold tobacco increased the 
reliability of the tobacco retailer dataset. While adding missing retailers matching the selected 
NAICS descriptions that sold tobacco ensured the comprehensiveness of the tobacco retailer 
dataset. In addition, ortho-rectifying the location of tobacco retailers and schools enhanced the 








Tobacco use remains the leading preventable cause of death and disease in the U.S.3 
Tobacco use will plateau though, until we target those who have the most risk for tobacco 
related-health disparities – rural populations.91 While Study 1 successfully identified those rural 
populations disproportionately affected by tobacco, future research is still needed to understand 
what specific factors are contributing to the tobacco-related health disparities in these rural 
populations. Only then, can we begin to address these factors through tailored prevention and 
cessation initiatives, thus reducing the burden of tobacco. Additionally, efforts should focus on 
preventing cigarette and other tobacco use before long-term consequence take hold, beginning 
with youth who are at greater risk.62  Moreover, evidence suggests that youth smoking research 
must address the environmental factors that favorably influence tobacco use. Therefore, based on   
the findings in Study 2 and Study 3, polices that restrict the availability of retail tobacco (e.g., 
zoning restrictions) or that reduce the exposures to PoS tobacco marketing (e.g., prohibiting 
exterior tobacco marketing around schools and playgrounds) could prove beneficial in reducing 
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